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NUMERICAL DEVICE INDEX 
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SSS Standard 
Part Number Description Page 
SCL 4000B Dual 3-input NOR gate 
and inverter 20 
SCL 4001B Quad 2-input NOR gate 22 
SCL 4001 UB Quad 2-input NOR gate 
{unbuffered} 24 
SCL 4002B Dual 4-input NOR gate 22 
SCL 4006B 18-stage shift register 27 
SCL 4007UB Dual complementary pair 
and inverter 29 
SCL 4008B Four-bit full adder 32 
SCL 4009UB Hex inverting buffer/ 
level shifter 36 
SCL 4010B Hex non-inverter buffer/ 
level shifter 36 
SCL 4011B Quad 2-input NAND gate 39 
SCL 4011UB Quad 2-input NAND gate 
(unbuffered) 41 
SCL 4012B Dual 4-input NAND gate 39 
SCL 4013B Dual D-type flip-flop 44 
SCL 4014B 8-stage parallel-input/ serial- 
output shift register 46 
SCL 4015B Dual 4-stage serial-input/ 
parallel-output shift 
register 48 
SCL 4016B Quad analog switch 50 
SCL 4017B Decade counter w/l0 
outputs 56 
SCL 4018B Presettable divide-by-N 
counter 61 
SCL 4019B Quad AND-OR select gate 64 
SCL 4020B 1 4-stage binary counter 66 
SCL 4021B 8-stage parallel-input/serial 
output shift register 69 
SCL 40228 Octal counter w/8 decoded 
outputs 72 
SCL 4023B Triple 3-input NAND gate 39 
SCL 4024B 7-stage binary counter 77 
SCL 4025B Triple 3-input NOR gate 22 
SCL 4026AB Decade counter wi7 
segment outputs 80 
SCL 4027B Dual JK-type flip-flop 85 
SCL 4028B BCD-to-decimal decoder 87 
SCL 4029B Presettable up/down 
binary decade counter 90 
SCL 4030B Quad 2-input exclusive 
" OR gate 94 
SCL 4033AB Decade counter wi7 
segment outputs 80 
SCL 4034B 8-stage universal bus 
register 96 
SCL 4035B 4-stage parallel-input/parallel- 
output shift register 101 
SCL 4040B 12-stage binary counter 104 
SCL 4041UB Quad true/complement buffer 107 
SCL 4042B Quad clocked latch 111 
SCL 4043B Quad NOR RIS latch 
w/3-state outputs 113 
SCL 4044B Quad NAND RIS iatch 
wi/3-state outputs 113 
SCL 4046B Phase-locked loop 116 


SSS Standard 
Part Number 


SCL 4047B 


SCL 4049UB 


SCL 40508 


SCL 4051B 


SCL 4052B 


SCL 4053B 


SCL 4060B 


SCL 4066B 
SCL 4068B 


SCL 4069UB 


SCL 4070B 


SCL 4071B 
SCL 4072B 
SCL 4073B 
SCL 4075B 
SCL4076B 


SCL 4077B 


-#SCL 4078B 
“SCL 4081B 


SCL 40828 
SCL 4085B 
SCL 4086B 
SCL 4093B 
SCL 4094B 


SCL 4099B 
SCL 4160B 


SCL4161B 

SCL4162B 

SCL 4163B 
SCL 4174B 
SCL 4192B 
SCL 4193B 
SCL 4402B 


SCL 4404B 
SCL 4412B 


SCL 4416B 


SCL 4426AB 


SCL 4428B 


SCL 4433AB 


SCL 4441UB 


Description 


Monostable/astable 
multivibrator 

Hex inverter buffer/ 
level shifter 

Hex non-inverting buffer! 
level shifter 

8-channel analog multiplexer 
demultiplexer 

Differential 4-channei analog 
multiplexer/demultiplexer 

Triple 2-channel analog multi- 

plexer/demultiplexer 

14-stage binary counter 
and oscillator 

Quad analog switch 

8-input NAND gate 

Hex inverter 

Quad 2-input exclusive- 
OR gate 

Quad 2-input OR gate 

Dual 4-input OR gate 

Triple 3-input AND gate 

Triple 3-input OR gate 

4-bit D-type register 

w/3-state outputs 

Quad 2-input exclusive 
NOR gate 

8-input NOR gate 

Quad 2-input AND gate 

Dual 4-input AND gate 

Complex gate AND-OR inverter 

Complex gate AND-OR inverter 

Quad 2-input NAND Schmitt 
trigger 

8-stage shift and store 
register 

8-bit addressable latch 

BCD decade counter w/ 
asychronous Clear 

4-stage binary counter wi 
asychronous clear 

BCD decade counter wi 
synchronous clear 

4-stage binary counter wi 
synchronous Clear 

Hex D flip-fiop 

4-bit BCD up/down counter 

4-bit binary up/down counter 

Dual 4-input expandable 

NOR gate 

8-stage binary counter 

Dual 4-input expandable 
NAND gate 

Quad analog switch 

Decade counter w/7-segment 
driver outputs 

Binary-to-octal decoder 

Decade counter w/7-segment 
driver outputs 

Quad buffer/driver 


168 


170 


178 
178 


183 
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SSS Standard 
Part Number 


Description 


Page 


SCL 4445B 


SCL 4446B 


SCL 4449UB 


SCL 4502B 


SCL 4504B 
SCL 4508B 
SCL 4510B 


SCL 4511B 


SCL 4512B 
SCL 4514B 


SCL 4515B 


SCL 4516B 


SCL 4517B 


SCL 4518B 
SCL 4520B 
SCL 4522B 


SCL 4526B 


SCL 4527B 
SCL 4528B 
SCL 4531B 
SCL 4532B 
SCL 4543B 
SCL 4555B 


SCL 45568 


SCL 4581B 
SCL 4582B 
SCL 4584B 
SCL 4585B 


21-stage frequency 
divider and oscillator 
Phase-locked loop 
Hex inverter 
Hex strobed inverting buffer 
w/3-stage Outputs 
Hex non-inverting level shifter 


Dual 4-bit latch w/3-state outputs 


BCD decade programmable 
up/down counter 

BCD-to-7 segment latchi/ 
decoder 

8-channel data selector 

4-to-16 line decoder wi 
latch (active high outputs) 

4-to-16 line decoder wi 
latch (active low outputs} 

4-stage binary programmable 
up/down counter 

Dual 64-stage shift 
register 

Dual BCD decade up counter 

Dual 4-stage binary up counter 

BCD decade programmable 
down counter 

4-stage binary programmable 
down counter 

BCD rate multiplier 

Dual monostable multivibrator 

12-bit parity tree 

8-bit priority encoder 

BCD-to-7-segment latch 

Dual 2-to-4 line decoder 
{active high outputs) 

Dual 2-to-4 line decoder 
(active low outputs} 

4-bit arithmetic logic unit 

Look-ahead carry block 

Hex Schmitt trigger 

4-bit magnitude comparator 


‘ 
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116 
204 


206 
208 
210 
213 


217 
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Standard Replaces 


Part Industry DIP 
Function Description Number Number Pkg. Page 
SCL4011B 4011 14 39 
SCL4011UB 4011U 14 4) 
NAND SCL4012B 4012 14 39 
SCL4023B 4023 14 39 
SCL4068B 4068 14 39 
SCL4073B 4073 14 156 
AND SCL4081B 4081 14 156 
SCL4082B0 40820 SG 
SCL4001B 4001 14 22 
SCL4001UB 4001U 14 24 
NOR SCL4002B 4002 14 22 
SCL4025B 4025 14 22 
Gates SCL4078B 4078 14 22 
and SCL4071B 4071 14 149 
Inverters OR SCL4072B 4072 14 149 
SCL4075B 4075 14 149 
SCL4000B 4000 14 20 
SCL4007UB  4007U 14 29 
SCL4030B 4030 14 94 
SCL4070B 4070 14 147 
COMPLEX SCL4077B 4077 14 154 
SCL4085B 4085 14 158 
SCL4086B 4086 14 160 
SCL4019B 4019 16 64 
SCL4069UB  4069U 14 145 
ital SCL4449UB__-4449U*_—_—i16 204 
Expandable SCL4402B 4402* 16 183 
Gates SCL4412B 4412" 16 183 
SCL4009UB 4009U 16 36 
= SCL4010B 4010 16 36 
Level Shifting = sci4049UB —-4049U 16 128 
SCL4050B 4050 16 128 
Buffers SCL4504B 4504 16 208 
eee SCL4041UB  4041U 14 107 
igh Current SCL4441UB 4441U* 14 199 
Tri-State SCL4502B 4502 16 206 
Encoder 8 Bit Priority SCL4532B 4532 16 251 
SCL4028B 4028 16 87 
SCL4428B 4428* 14 196 
; SCL4514B 4514 24 224 
Logic Functions ¢cr 4515p 4515 24 224 
SCL4555B 4555 16 258 
SCL4556B 4556 16 258 
Decoders SCL4026AB 4026 16 80 
SCL4426AB 4426" 16 191 
Display SCL4033AB 4033 16 80 
Functions SCL4433AB  4433* 16 191 
SCL4511B 4511 16 217 
SCL4543B 4056 16 255 


continued on next page 
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Part Industry DIP 
Function Description Number Number Pkg. Page 

SCL4024B 4024 14 77 

SCL4404B 4404* 14 185 

SCL4040B 4040 16 104 

SCL4020B 4020 16 66 

SCL4060B 4060 16 136 

Binary SCL4161B 4161 16 170 

SCL4163B 4163 16 170 

SCL4193B 4193 16 178 

SCL4029B 4029 16 90 

SCL4516B 4516 16 227 

e outers SCL4526B 4526 16 237 
SCL4520B 4520 16 234 

SCL4192B 4192 16 178 

SCL4510B 4510 16 213 

SCL4160B 4160 16 170 

Decade SCL4162B 4162 16 170 

SCL4522B 4522 16 237 

SCL4518B 4518 16 234 

Decoded. SCL4017B 4017 16 56 

Outputs SCL4022B 4022 16 72 

Johnson SCL4018B 4018 16 61 

21-StgDivider _ SCL4445B 4045 16 201 

Rate Multiplier _SCL4527B 4527 16 241 

Dividers! Phase-Locked  SCL4046B 4046 16 116 
Multipliers Loop SCL4446B 4446 * 16 116 
= SCL4528B 4528 16 245 

Multivibrators <1 40478 4047 16 124 

SCL4582B 4582 16 265 

4-Bit SCL4585B 4585 16 269 

Arithmetic SCL4008B 4008 16 32 
Logic 12-Bit SCL4531B 4531 16 249 
4-Bit A.L.U. SCL4581B 4581 24 261 

Dual D Type SCL4013B 4013 14 44 

Flip-Flops DualJKType | SCL4027B 4027 16 85 
4-Bit D Type SCL4076B 4076 16 151 

Hex D Type SCL4174B 4174 16 175 

SCL4043B 4043 16 113 

hide a SCL4044B 4044 16 113 

SCL4042B 4042 16 11 
sila Clocked SCL4508B 4508 24 210 
Addressable SCL4099B 4099 16 168 

Schmitt Quad SCL4093B 4093 14 162 
Triggers Hex SCL4584B 4584 14 267 
Ser iniSer Out SCL4006B 4006 14 27 

Serin/ParOut — SCL4015B 4015 16 48 

SCL4014B 4014 16 46 

Shift PariniSer Out sc14021B 4021 16 69 
Registers PariniPar Out  SCL4035B 4035 16 101 
SCL4034B 4034 24 96 

Bus Registers SCL4094B 4094 16 165 

SCL4517B 4517 16 231 

Digital Mux SCL4512B 4512 16 220 

Analog SCL4051B 4051 16 131 

Multiplexers Multiplexers & SCL4052B 4052 16 131 
and Demultiplexers SCL4053B 4053 16 131 
Switches SCL4016B 4016 14 50 
Abe SCL4066B 4066 14 140 

SCL4416B 4416* 14 187 


Standard Replaces 


anal 
* Part Number is a sole source item of Solid State Scientific. 9 
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THE 4000 SERIES FAMILY 


INTRODUCTION 

Solid State Scientific CMOS devices comprise a 
family of medium-speed integrated circuits with a 
superior combination of high noise immunity, wide 
operating voltage range, low power dissipation, and 
high fan-out. These characteristics greatly minimize 
power supply costs and simplify system design and 
layout. 

The great majority of the devices in the 4000 
Series exceed the JEDEC Standard Specifications for 
“B” Series CMOS Devices. For this reason, Solid 
State Scientific guarantees that all devices desig- 
nated 4xxxB or 4xxxUB1 will meet the electrical 
specifications given in the tables in this section. 
These standards are tighter than the JEDEC Specifi- 
cations in several key areas, notably gate leakage 
currents (Ipp), output voltage (VoH, VOL) and, in 
several cases, output drive current (lo, IoL)- In 
addition, Solid State Scientific does not degrade any 
parameter for any commercial-temperature-range part 
type. The few device types which fail to meet the 
4000B Series Family Specifications for any reason 
are designated by the suffix AB. These devices, how- 
ever, are guaranteed to meet all Absolute Maximum 
Ratings and Recommended Operating Conditions of 
the 4000B Series, as well as most of the electrical 
characteristics. Therefore, these few part types are 
fully compatible with 4000B devices in virtually all 
applications. 

All 4000 Series CMOS devices are available in 
commercial temperature range (— 40°C to +85°C) 
versions, and a variety of package configurations. 
Available packages include Frit-seal ceramic or 
Cerdip dual-in-line packages (C suffix — 14- and 16- 
lead types), welded-seal or side-brazed ceramic dual- 
in-line packages (D suffix — 14-, 16-, and 24-lead 
types), ceramic flat packs (K suffix — 14- and 16-lead 
types), leadiess chip carriers (L suffix — 20 lead 
JEDEC), and bare chip form (H suffix) for those users 
manufacturing hybrid microcircuits. Commercial tem- 


‘As defined in JEDEC Standard Specification 
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perature range devices are available in the Epoxy or 
plastic dual-in-line package (E suffix — 14-, 16- and 
24-lead types). Since electrical parameters are never 
degraded for devices in this package, any mix of pack- 
ages may be used in a system with confidence that they 
will be fully compatible throughout the entire range of 
valid operating conditions. 


THE 40008 SERIES 


Solid State Scientific anticipated the JEDEC Stan- 
dard Specifications for ‘‘B'’ Series CMOS Devices by 
several years in several important areas. All part types 
have been consistently rated at 18 Vdc maximum 
operating voltage. This upgrading did not entail a proc- 
ess alteration; performance specifications for the 
higher voltages were simply added to the test programs 
for each device. 

In addition, the decision of the JEDEC Committee to 
consider devices with buffered outputs as the standard 
part types in the ‘‘B” Series supports the position taken 
by Solid State Scientific in 1970. Since buffered-output 
gates exhibit higher noise immunity, standardized out- 
put drive independent of type and input pattern, and 
decreased ac sensitivity to output loading, they offer 
superior performance in digital logic applications. Gate 
functions in the 4000 Series have always been buf- 
fered, anticipating the decision of the JEDEC Commit- 
tee by a full six years. 

The following Family Specifications apply to all 
4xxxB and 4xxxUB part types, unless otherwise 
specified on individual data sheets. 


4000B SERIES 
FAMILY SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS * 
DC Supply Voltage Vop —0.5 to +18 Vde 
input Voltage Vin —0.5 to Vpn +0.5 Vde 
DC Input Current lin +10 mAdc 
(any one input) 
Power Dissipation P+ 300 mW 
Storage Temperature Ts -—65 to +150 °C 
Range 
RECOMMENDED OPERATING CONDITIONS' 
DC Supply Voltage Von 3 to 15 Vdc 
Operating Temperature Tx 
Range 
C,D,F packages, chips -—55 to +125 °C 
E package -40 to +85 °C 


Voltage referenced to V.. 


Parametric limits are guaranteed for Vpn = 5, 10, and 15 Vdc. Where low power is required, the 
lowest supply voltage, consistent with required speed, should be used. For larger noise immunity and 
higher speed, higher supply voltages should be specified. The lower limit of supply regulation is 3 
Vdc or as determined by required system speed, noise immunity, or interface to other logic. The 
recommended upper limit is 15 Vdc or as determined by power dissipation restrictions or interface to 
other logic. 

Unused inputs must be connected to Vpn, Vss, or another input. 

Care should be used in hand!ing CMOS devices; static charges may damage the device. 


ELECTRICAL SPECIFICATIONS 


Parametric limits listed here are guaranteed for the entire 4000B Series Family unless 
otherwise specified on the individual data sheets. 


STATIC CHARACTERISTICS (Vg = 0V) 


v 125°C 
PARAMETER DD | CONDITIONS LOW HIGH uni 
[ ranamereR =| eh Min. | Max.| Min. | Typ. | Max. | Min. | Max. | 

0.0 

0. 

0. 


QUIESCENT DEVICE 
CURRENT 
Gates 1.5 |uAdc 
1 3.0 
2 6.0 


0.2 .002 
Buffers, Flip-Flops 1.0 0.005 1. Adc 
: : 2.0 60 
, ; 4.0 120 


Vin=Vss or Voo 
All valid input 
combinations 


MSI 150 |ywAdc 


HIGH-LEVEL OUTPUT 
VOLTAGE 


LOW-LEVEL OUTPUT Vo 
VOLTAGE Vin=Vss or Vop 0.05| Vdc 
0.05 
0.05 
Vo=0.5V or 4.5V 3.5 Vde 
Vo=1.0V or 9.0V 7.0 


Vo =1.5Vor13.5V 
|lo| <1pA 


MINIMUM INPUT HIGH Vin 
VOLTAGE 


'Tlow = -55°C for C, D, F, and H devices 
= -40°C for E device 
Tuich = +125°C for C, D, F, and H devices 


+85°C for E device 
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STATIC CHARACTERISTICS (Vs = OV) Continued 


"MAXIMUM INPUT Low _ 
VOLTAGE 


['o| <1pA 


OUTPUT HIGH (SOURCE) 
CURRENT 
B Series VoH=4.6V 
Von=9.5V 
VoH=13.5V 
Vin=Vss or Vop 


OUTPUT LOW (SINK) 
CURRENT 
B Series Vo, =0.4V 
Vo._7=0.5V 
Vo.=1 5V 


Vin=Vss Or Vop 


'Trow = -55°C for C, D, F, and H devices 
= -40°C for E device 
THich = +125°C for C, D, F, and H devices 


+85°C for E device 


DYNAMIC CHARACTERISTICS (Ta = 25°C) 


PARAMETER 


| INPUTCAPACITANCE = sid CAPACITANCE 


Part types designated ‘‘UB’’' meet the above parametric specifications with the following excep- 
tion, unless otherwise specified on the individual data sheets. 


[eC 
ha eee et fee 


c 
MINIMUM INPUT HIGH 
VOLTAGE =0. . ; 2.75 | 4.0 4.0 
=1. : ; 5.5 8.0 8.0 
| ‘ : : 8.25 | 12.0 12.0 


MAXIMUM INPUT LOW 

VOLTAGE Vo=0.5V or 4.5V j 2.25 Vdc 
Vo= . . . 4.5 
Vo=1.5Vor13.5 0 | 6.75 


! TLow = -55°C for C, D, F, and H devices 
= -40°C for E device 
THigH = +125°C for C, D, F, and H devices 


+85°C for E device 


The user should consult the section of this book entitled “CMOS Design Considerations” in 
conjunction with the Family Specifications given here to assure proper system performance. 


‘As defined in JEDEC Standard Specification 14 


PARAMETER DEFINITIONS AND WAVEFORMS 


DEFINITIONS 


The following information provides detailed expla- 
nations of the electrical parameters specified on 
4000 Series data sheets. These parameters are 
categorized into Absolute Maximum Ratings, Recom- 
mended Operating Conditions, Static Electrical Charac- 
teristics, and Dynamic Electrical Characteristics. Virtu- 
ally all devicesin the 4000 Series are fully described 
by a combination of the parameters identified in this 
section; in a few special cases, however, parameters 
unique to a device are defined on the individual data 
sheet. 

While all parameters exhibit a statistical distribu- 
tion about a mean value, only the mean value and one 
worst-case limit — either the minimum or the maximum 
value — appears on the data sheet. Following the EIA 
standard guidelines, the minimum limit value is always 
less than the mean or typical value, and the maximum 


limit value is always greater than the typical value. Sev- 
eral parameters, therefore, require the prefix 
“minimum” or “maximum” in order to maintain the 
proper convention on the data sheet. These prefixes 
should not be confused with the minimum and 
maximum designations applied to limit values. Thus, 
“maximum clock frequency” has minimum limit values 
specified, while “minimum clock pulse width” has 
maximum limit values specified. 

Each parameter is measured under a specified set 
of conditions: supply voltage, input voltages and cur- 
rents, output voltages and currents, input signal switch- 
ing characteristics, etc. To assist the designer in con- 
structing his system, any given parameter is measured 
under the same test conditions for all devices in the 
4000 Series, whether they fall into the B, UB, or AB 
designation. 


ABSOLUTE MAXIMUM RATINGS 


These ratings are absolute limits within which safe 
operation occurs. The presence of conditions outside 
these limits may cause severe device degradation, and 
possibly catastrophic failure. These ratings apply 
across the entire temperature range. 


DC Supply Voltage Range 


To prevent forward biasing and possibly damaging 
the structural and protective diode junctions present in 
CMOS construction, Vpp must never be more than 
0.5Vdc negative with respect to Vs;. 

The maximum limit of 18Vdc prevents primary 
breakdown of any internal device junction. 


Input Voltage Range 

The voltage at any device input must not exceed 
either the Vss or Vpn supply voltages by more than 
0.5Vdc. Unrestricted operation outside this range may 
damage the input protection diodes, or cause internal 
latch-up. 


DC Input Current 


To prevent excessive dissipation in the junctions of 
the protection diodes, input current must be limited to 
less than 10mAdc. 


Maximum Package Power Dissipation 


This requirement prevents excessive junction or 
package temperatures from developing. The maximum 
rating of 300mW includes both quiescent (dc) and dy- 
namic (ac) dissipation, and should be calculated from 
the discussion of Power Dissipation in the section enti- 
tled ‘Design Considerations.” 


Storage Temperature Range 


The temperature range within which devices may be 
stored without electrical connection is —65°C to 
+150°C. Device reliability may be degraded when stored 
outside this range. 


RECOMMENDED OPERATING CONDITIONS 


These conditions specify ranges within which reli- 
able operations may be maintained. Systems utilizing 
CMOS should be designed to operate within these 
ranges. 


OC Supply Voltage Range 

The lower limit of 3Vdc is based upon transistor 
threshold levels. The recommended maximum limit of 
15V is substantially below the primary breakdown limit 
for the devices to allow for limited power-supply tran- 
sient and regulation limits. 


Operating Temperature Range 


The maximum ambient temperature range within 
which the device may be reliably operated is —55°C to 
+125°C (the standard military temperature range) for 
the C, D, and F packages, and —40°C to +85°C ( an 
extended commercial range) for the E package. Chips 
(H suffix) may be operated over the full military tempera- 
ture range, —55°C to +125°C. 


STATIC ELECTRICAL CHARACTERISTICS 


These parameters apply to devices in the steady- 
state condition. They are specified at the low tempera- 
ture limits (—55°C or —40°C), +25°C, and the high tem- 
perature limits (+125°C or +85°C), with typical values 
given at +25°C. 


Quiescent Device Current (1p) 
Quiescent current is defined as the current flowing 
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into the Vpp terminal of the device with no load on the 
outputs. This current is measured under all valid input 
combinations (inputs tied in all valid combinations to 
Vss OF Vpp). The maximum limit reflects domination by 
surface leakage effects. Most devices exhibiting typical 
leakage currents are dominated by junction leakage 
which doubles with every 11°C increase in temperature. 
These values have been standardized into three 


categories: gates, buffers and flip-flops, and MSI de- 
vices. Solid State Scientific does not degrade this 
parameter for commercial temperature range devices 
(E package). 


Output Voltage (Vou, Vii) 


Von is defined as the high-level output voltage 
under no-load conditions (|I,,|<1,A), with inputs tied to 
Vss OF Von. Similarly, Vin, is the low-level output voltage 
measured under the same conditions. Both parameters 
are guaranteed to be no more than 0.01Vdc from the 
supply voltage at low temperature and +25°C, and no 
more than 0.05Vdc from the supply voltage at high tem- 
perature. 


Input Voltage (Vin, Vi.) 


Vin and V,, are defined as the minimum input high 
voltage and the maximum input low voltage, respec- 
tively, which produce no more than a 10% Vpn change in 
output voltage under no-load conditions (|la]<12A). 
This parameter differentiates device designations ‘B"’ 
and “UB”. 

In general, “‘B’ devices have greater noise immunity, 
i.e., lower Viy and higher V,,, than “UB” devices be- 
Cause output buffering more effectively isolates outputs 
from input voltage variations. 


Output Drive Currents (lou, to.) 


Output drive current is the source current (lox) with 
the output high, or the sink current (I,,,) with the output 
low, that flows out of or into the device from a load of 
specific voltage. Polarity is defined as positive when 
flowing into the output. Inputs are tied directly to Vs; or 
Vpn, Output voltages are specified at equal voltage drops 
for both parameters at given supply voltage. 

At Von = 5Vde, lon and In, are specified at Vox = 
4.6Vdc and V., = 0.4Vde, respectively. Logic outputs of 
“B" and “UB" devices are capable of driving one low- 
power TTL load across temperature. Although the 
source current (lox) specification for these devices is 
lower than the sink current (Ii) specification (I, (TTL) 
>> lim), many devices in the 4000 Series Family are 
designed for balanced drives at these output voltages. 


DYNAMIC ELECTRICAL CHARACTERISTICS 


Switching characteristics are specified at a total 
output load capacitance per output C, =50pF, ambient 
temperature T, = 25°C, and input rise and fall times t,, t; 
= 20nS (except for maximum input rise and fall time 
specifications). Typical temperature coefficient for dy- 
namic characteristics is |0.3%/°C| (negative for 
maximum clock frequency (f;.) and positive for other 
parameters). Solid State Scientific does not degrade 
dynamic parameters for commercial temperature range 
devices (E package). 


Propagation Delay Time (tein, ten) 


These parameters are specified on all data sheets. 
For non-synchronous circuits and inputs, the delay time 
is measured from the 50% point of the input signal edge 
to the 50% point of the resulting output signal edge. For 
synchronous inputs (having a clock signal), the delay 
time is measured from the 50% of the clock signal edge 
associated with the input level to the 50% point of the 
resulting output signal edge. The designation “LH” re- 
fers to the low-to-high output transition; “HL" refers to 
the high-to-low output transition. Propagation delays 
increase linearly with load capacitance. 
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All gates and flip-flops, and a number of MSi parts, fall 
into this category; this is noted on the individual data 
sheets. 

At Von = 10Vdc, an output voltage drop of 0.5Vdc 
from either supply is used-as the standard condition for 
specifying Ioy and Iq. 

At Von = 15Vdc, 1.5Vdc is used as the standard 
output voltage drop. Current values are designed to 
drive two standard HTL loads over temperature. 

The limits at the temperature extremes reflect the 
0.3%/°C current decrease with increasing temperature 
at 25°C characteristic of CMOS. Most device data sheets 
supply transistor characteristic curves for determina- 
tion of output drive current under other operating con- 
ditions. 

Solid State Scientific does not degrade these 
parameters for commercial temperature range devices 
(E package). 


3-State Output Leakage Current (I,,) 


Leakage current at the output terminal of a 3-state 
device when disabled (high-impedance state) is mea- 
sured under the two worst-case conditions: Vpp is 
applied at the output along with input. combinations 
which would normally force the output low: Vss is 
applied at the output along with input combinations 
which would normally force the output high. 

Solid State Scientific does not degrade this 
parameter for commercial temperature range devices 
(E package). 


input Current 


Input current is defined as the current that flows 
into or out of an input terminal when Vss or Vppis applied 
to that terminal. Input current consists of junction leak- 
ages in the diode protection circuit, and is typically 
+ 10pAdc. Worst-case input current is specified at Vpp = 
15Vde across temperature, with a maximum of 
*+1.0uAdc at +125°C (+85°C for commercial tempera- 
ture range devices). 

Solid State Scientific does not degrade this 
parameter for commercial temperature range devices. 


3-State Propagation Delay (tri, terz, trz, trz1) 


The texz (high-level to 3-state) and tp,z (low-level to 
3-state) propagation delays are measured from the 50% 
point of the disable input leading edge to the 90% point 
of the output signal falling edge (truz) or to the 10% point 
of the output signal rising edge (tp.z). The tpzx (3-state to 
high-level) and tpz, (3-state to low-level) propagation 
delays are measured from the 50% point of the disable 
input trailing edge to the 10% point of the output signal 
rising edge (tpzx) or to the 90% point of the output signal 
falling edge (tpz,). In addition to the SOpF load capaci- 
tance, a 1KQ load resistor is tied to Vss (tpxz ANd tpzy) OF 
Vop (terz and tpzi). 


Output Transition Time (tri, tri) 


These parameters refer to the rise (tr.4) and fall 
(tr) times at device outputs. They are measured from 
the 10% to the 90% points of the output waveform. Both 
parameters are functions of output transistor sizes, and 
fall into standard categories in the same way as output 
drive current. Output transition times vary linearly with 
load capacitance C,. 


Minimum (Clock) Pulse Width (PW) 


Minimum pulse width refers to that portion of the 
input signal between the active (leading) edge and the 
opposite (trailing) edge. It is defined as the interval be- 
tween the 50% points of each edge. When applied to 
clock signals, this parameter also refers to the remain- 
ing portion of the signal, i.e., 50% duty cycle. 


Maximum Clock Frequency (f...) 


The maximum clock frequency is the rate at which 
information can transfer through a synchronous circuit 
without developing system problems due to excessive 
propagation delays across internal stages. 


Maximum Clock Rise and Fall Times (ti, tei) 


These limits refer to the maximum allowable input 
transition times which prevent interactions between 
internal stages from interfering with proper clocking. 
These parameters are measured from the 10% point to 
the 90% point of the input signal, and usually decrease 
with increasing operating voltage. 

When synchronous stages are cascaded, however, 
maximum rise and fall times of the clock input should be 
equal to or less than the transition times of data outputs 
driving data inputs, plus the propagation delay of the 
output driving stage for the output capacitive load. This 
prevents improper operation resulting from logic state 
interaction between adjoining stages. 


Minimum Setup Time (t...us) 


Setup time refers to the minimum interval between 
the data or control input signal and the clock or strobe 
signal which guarantees proper entry of that informa- 
tion into the device. It is measured between the 50% 
points of the two appropriate edges. 


Minimum Hold Time (thd 


Hold time refers to the interval after the clock or 
strobe edge during which data or control information 
must remain valid. It is measured between the 50% 
points of the two appropriate edges. 


Removal Time (t,...) 


Removal time is defined as the interval after remov- 
ing an asynchronous control input during which a clock 
or strobe signal edge may not be recognized. This 
parameter is similar to minimum setup time, and is mea- 
sured from the 50% point of the control input trailing 
edge to the 50% point of the clock or strobe signal 
leading edge. 


input Capacitance (C,,) 


The input capacitance is defined as the ac capaci- 
tance under zero bias conditions as applied to any in- 
put. This capacitance is typically 5pF for most devices; it 
is somewhat higher for inputs to high-current buffers. 


DYNAMIC PARAMETER WAVEFORMS 


Input Rise and Fall=20ns 


Input 
Information 
10% 


Output 


Vop (high) 


Vsg (low) 


VOH (high) 


Vo_t (low) 


Non-Synchronous Circuit Waveshapes and Timing Parameters 


Input Rise and Fall= 20 ns 
Valid ae (ie Invalid “qe 


Input 
Information 


Invalid ‘’O’’ 


Valid '’O” 
—thold 


tsetup 
Vop (high) 


Strobe 
Vss (low) 


Vou (high) 
Output 


VOL (low) 


tTLH 'THL 
Note: Information is accepted during each positive clock signal transition in this case. 


Synchronous Circuit Waveshapes and Timing Parameters 


a Voo 
Output Disable 


Vss 


VOH 
Output (Case 1) 
2.5 V @ Vop = 5 V, 
10 V, and 15 Vv 
=2V@Vpopp=5V 
~6V@ Vpp = 10V 
=10V @Vpp = 15 V 
7 ae eee OL 
uts | 
geen cds | See ee Connected — 


Output (Case 2) 


Other 


Inputs Output Rp = 1k22 


IC With Vop for tp, z and tp2. 


Sota Vss for tpyz and tp2y 
Output Disable o 


Three-State Propagation Delay Waveshape and Test Circuit 
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4000 Series Data 
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SOLID NZ 


STATE SCL4000B 
SCIENTIFIC 
CMOS DUAL 3-INPUT NOR GATE PLUS INVERTER 
FEATURES 
@ Buffered Gate Outputs CONNECTION DIAGRAM 
@ Diode Protection on all Inputs (all packages) 


@ Fully “B” Series Compatible 


Vpp 2C 2B 2A 2Y 3Y 3A 


TRUTH TABLE (NOR GATE) 


INPUTS OUTPUT 


00 O 
All other combinations 


LOGIC DIAGRAM 


NC NC 1A 1B 1C 1Y Vgs 


Add suffix for package: 
4000B =_— >_> 14-pin Cerdip 
14-pin Ceramic 
14-pin Epoxy 
14-pin Flat 
Chip 
FUNCTION DIAGRAM 


1A 3 
1B 4 
1c 5 


ee 
2A 11 


Y 


RECOMMENDED OPERATING CONDITIONS 
Y For maximum reliability: 
DC Supply Voltage Vpp-Vsgs 3to15 Vde 


3A s——[>o—» 3y Operating Temperature Tp 


C, D, F, H Device 55 to +125 °C 
(1,2)Y=A+B+C E Device 40 to +85 °C 
3Y =3A 


2B 12 
2C 13 


Voo = Pin 14 
Vgg * Pin 7 


SCHEMATIC DIAGRAM 
(One of two NOR Gates) 
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SCL4000B 


ELECTRICAL CHARACTERISTICS 


$25°C tee Unies 
reac |na yp e 


STATIC CHARACTERISTICS '- 


PARAMETER 


QUIESCENT DEVICE log 
CURRENT 


Vop 
(Vde) 


NOTES: ! , Remaining Static Electrical Characteristics are listed under “4000B Series Family Specifications”. 
2 TLow =-55°C for C, D, F, H device. 
= -40° C for E device. 
Tuicu = +125°C for C, D, F, H device. 
=+ 85°C for E device. 


DYNAMIC CHARACTERISTICS (C, = 50pF, Ta = 25°C) 


PROPAGATION DELAY TIME 


OUTPUT TRANSITION TIME 


Vos, DRAIN VOLTAGE (Vdc) 
-20 -18 -16 -14 -12 -10 -8 -6 


lou. DRAIN CURRENT (mAdc) 


- 
= 
r 4 
2 
= 
3 
3 
e 


-45 


Se ee 
sia ieet tec (ec 50 


8 10 12 14 
Vos, DRAIN VOLTAGE (Vdc) 


16 18 20 


Typical P-Channel Typical N-Channel 
Source Current Characteristics Sink Current Characteristics 
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SOLID & SCL4001B 
SCL4002B 
STATE NP SCL4025B 


SCIENTIFIC SCL4078B 


CMOS NOR GATES 


4001B — Quad 2-Input NOR 


4002B — Dual 4-Input NOR CONNECTION DIAGRAMS 
4025B — Triple 3-Input NOR (all packages) 
4078B — 8-Input NOR 

Vpop 48 4A 4Y 3Y 
FEATURES 


@ Buffered Outputs 
@ Diode Protection on all Inputs 
@ Fully “B” - Series Compatible 


Output 


00...0 
All other combinations 


FUNCTION DIAGRAMS 


4001B 4002B 


2 
2 1B 
1B P lay 
5 
9 


Y=A+B Y=A+BtC+D 
4025B 4078B 
1A 1 A 2 RECOMMENDED OPERATING CONDITIONS 
iBe 9 1Y B 3 For maximum reliability: 
1c8 c 4 DC Supply Voltage Vpp-Vss 3to15 Vdc 
3 D 13 y Operating Temperature Ta 
ae p E C, D, F, H Device 55 to +125 OC 
2B 2Y ¢ 10 E Device 40 to +85 OC 
262 gi 
11 12 
3A 4 
: 10 i 
38.4 3Y —s-Y = A+B+C+D+tEtF+GtH 
3C 
73 . 
Y=A+BtC VOp:- Fin. V4 
Vssg = Pin? 


for All Devices 
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SCL4001B, SCL4002B, SCL4025B, SCL4078B 


ELECTRICAL CHARACTERISTICS 
STATIC CHARACTERISTICS ' 


PARAMETER 


QUIESCENT DEVICE 


Voo | CONDITIONS 
bela aa a [ee | 


CURRENT 5 | Vin=Vss Or Voo 0.0008 0.05 pAdc 
10 |All valid input 0.001 | 0.10 
15 |combinations 0.002 | 0.20 


NOTES: ' Remaining Static Electrical Characteristics are listed under “4000B Series Family Specifications.” 
Tow = -55°C for C, D, F, H device. 

= -40° C for E device. 
THiGcH = +125" C for C, D, F, H device. 

=+ 85°C for E device. 


DYNAMIC CHARACTERISTICS (C, = 50pF, Ta = 25°C) 


Vpp 
PARAMETER (V de) 


PROPAGATION DELAY TIME 


OUTPUT TRANSITION TIME 


Vos, DRAIN VOLTAGE (Vdc) 
18 -16 -14 -12 -10 -8 -6 


lo, DRAIN CURRENT (mAdc) 


(spyw) IN3UHND NivuG "I 


8 10 12 14 16 18 20 


Vos, DRAIN VOLTAGE (Vdc) 


Typical P-Channel Typical N-Channel 
Source Current Characteristics Sink Current Characteristics 
LOGIC DIAGRAMS SCHEMATIC DIAGRAM 4002B (1 of 2 gates) 
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SOLID SB 


STATE SCL4001UB 
SCIENTIFIC 
CMOS NOR GATE (Unbuffered) 
FEATURES 
@ Unbuffered Outputs for Quasi-Linear Applications CONNECTION DIAGRAM 
© Quad 2-Input NOR Configuration (all packages) 
@ Diode Protection on all Inputs 
® Output Drive Current Compatible with “B” Series Vop 48 4A 4Y 3Y 3B! 3A 
@ Pin Compatible with Buffered 4001B 7. i a IG 
4001UB 
3 4 § 
DESCRIPTION 1A 1B 1¥ 2Y 2A 2B Veg 
The 4001UB consists of four positive-logic 
NOR gates. The outputs are unbuffered, making Add suffix for package: 
the device suitable for quasi-linear applications, 
such as gated oscillators, multivibrators, and pulse 14-pin Cerdip 
shaping circuits. 14-pin Ceramic 
For digital applications, the buffered 4001B 14-pin Epoxy 
is recommended for its higher gain and input 14-pin Flat 
pattern insensitivity. Chip 


TRUTH TABLE 


All other combinations 


RECOMMENDED OPERATING CONDITIONS 
For maximum reliability: 
DC Supply Voltage Vpp- Vss 3to15 Vdc 


Operating Temperature TA 
C, D, F, H Device -55 to +125 OC 
E Device 40 to +85 °C 


SCHEMATIC DIAGRAM 


LOGIC DIAGRAM 


2V¥9O0 G 


Vss Vop = Pin 14 


Vss = Pin 7 
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SCL4001UB 
ELECTRICAL CHARACTERISTICS 


STATIC CHARACTERISTICS ': 


PARAMETER CONDITIONS 


QUIESCENT DEVICE 
CURRENT Vin=Vss or Vop 
All valid input 


combinations 


eae ae 


0.05 0.0005; 0.05 
0.10 0.001 | 0.10 
0.20 0.002 ; 0.20 


NOTES: ! , Remaining Static Electrical Characteristics are listed under “ 4000B Series Family Specifications”. 
? Tow = -55° C for C, D, F, H device. 
= -40° C for E device. 
THIGH = +125" C for C, D, F, H device. 
=+ 85°C for E device. 


DYNAMIC CHARACTERISTICS (C, =50pF, T, = 25°C) 
PARAMETER 


PROPAGATION DELAY TIME 
OUTPUT TRANSITION TIME 


Vos, DRAIN VOLTAGE (Vdc) 
-20 -18 -16 -14 -12 -10 -8 -6 


1, ORAIN CURRENT (mAdc) 


: 

2 
= 
o 
i= 
a 
a 
Loa! 
=z 
= 
a 
3 
§ 


12 14 16 18 20 
Vos, DRAIN VOLTAGE (Vdc) 


Typical P-Channel Typical N-Channel 
Source Current Characteristics Sink Current Characteristics 
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SCL4001UB 


APPLICATIONS INFORMATION 


0) fl 

e LJ_] 

® LSE 
= ip es eee 


10) 


— VARIATION IN 
TIME PERIOD 


MONOSTABLE MULTIVIBRATOR 


% 4001UB 


COMPENSATED MONOSTABLE MULTIVIBRATOR 


% 4001UB 


Hysteresis (% Voo) 


SCHMITT TRIGGER 
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SOLID NB 


STATE SCL4006B 
SCIENTIFIC 

CMOS 18 STAGE SHIFT REGISTER 
FEATURES 
4 Fully Static Operation CONNECTION DIAGRAM 
@ Cascadable (all packages) 


@ SMHz Shift Rate @ 10Vdc 


DESCRIPTION 


The 4006B is comprised of 4 separate Shift 
Register sections: two sections of four stages and 
two sections of five stages with an output tap at 
the fourth stage. Each section has an independent 
single rail data path. 

A common Clock signal is used for all stages. 
Data is shifted to the next stage on negative-going 
transitions of the Clock. Through appropriate con- 
nections of inputs and outputs, multiple register 
sections of 4, 5, 8 and 9 stages or single register 
sections of 10, 12, 13, 14, 16, 17 and 18 can be 
implemented using one 4006B package. 
Longer shift register sections can be assembled by 
using more than one 4006B. 

This part is useful in serial shift register and 
time delay circuits. 


TRUTH TABLE 


X = Don’t care 


TYPICAL REGISTER STAGE 


D1+4 OD2+4 D4+t5 
Vpp D2+5 D344 D4+4 


13. 12 «#1 


D1 NC CtL D2 D3 D4 Vgs 


Add suffix for package: 
14-pin Cerdip 
14-pin Ceramic 
14-pin Epoxy 
14-pin Flat 
Chip 


RECOMMENDED OPERATING CONDITIONS 
For maximum reliability: 
DC Supply Voltage Vpp-Vss 3to15 Vde 


Operating Temperature Ta 
C, D, F, H Device -55 to +125 °C 
E Device 40 to +85 °C 


LOGIC DIAGRAM 


SCL4006B 


ELECTRICAL CHARACTERISTICS 


STATIC CHARACTERISTICS ' 


CONDITIONS 


Vv 
PARAMETER DO 
| panaweren [teh enact 


QUIESCENT DEVICE 
CURRENT 0.05 150 |uAdc 
0.1 300 
0.2 600 


NOTES: ' Remaining Static Electrical Characteristics are listed under “4000B Series Family Specifications”. 
2 TLow = -55-C for C, D, F, H device. 
= -40°C for E device. 
Tuicu= +125°C for C, D, F, H device. 
= + 85°C for E device. 


Vin=Vss Or Vop 
All valid input 
combinations 


DYNAMIC CHARACTERISTICS (C, = 50pF, Ta = 25°C) 


Vop 
PARAMETER (Vde) 


PROPAGATION DELAY TIME tecH. teHL 


OUTPUT TRANSITION TIME tea 5 
10 
Re eee ee EE: stewie 
MINIMUM CLOCK PULSE WIDTH PWer 
5 
10 
I ee I 
MAXIMUM CLOCK FREQUENCY fo. 
5 
10 
Sa ase eet Pe 
MAXIMUM CLOCK RISE AND eid Viet: 
FALL TIME! 


MINIMUM SETUP TIME 


MINIMUM HOLD TIME thotd 


1 When units are cascaded, the maximum rise and fall times of the clock input should be equal to or 


less than the transition times of the data outputs driving data inputs, plus the propagation delay of 
the output driving stage for the output capacitive load. 
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SOLID <> 
STATE WA 
SCIENTIFIC 


SCL4007UB 


CMOS DUAL COMPLEMENTARY PAIR PLUS INVERTER 


FEATURES 


@ Low Output Impedance 

@ Extremely High Input Impedance 

# Single Supply Operation - Positive or Negative 
@ All Inputs Diode-Protected 


DESCRIPTION 


4007UB contains three N-Channel and three 
P-Channel enhancement-type MOS transistors on a 
single monolithic silicon chip. The transistor ele- 
ments are accessible through the package terminals 
to provide means for constructing various logic, 
transmission gating, and linear circuits. 


ORAIN- TO-SOURCE VOLTS (Vp) 
1S -125 -10) -75 52S 


ee ee ee a) 
roe 
ee eee) 
oe er 


Ce Se ay 


re Oe 
Ce ee 


team 
CONN (1 


AMSVENT TEMPERATORE Tals 8 Vey = 
TEMPERATURE COEFFICIENT FOR Ip = -6.9%/°C 


“AMBIENT TEMPERATURE (T,)*© 25 C 
TYPICAL TEMPERATURE COEFFICIENT . 


DRAIN MILLIAMPERES 11,) 


0 25 5 75 0 8612518 
ORAIN- TO- SOURCE VOLTS (Vos) 


Typ. N-Channel drain characteristics 


Min. and max. voltage transfer 
characteristics for inverter 
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CONNECTION DIAGRAM 
(all packages) 


Vpp DPa Outc SPc Gc S-Nc D-Na 


13 12 11 #10 9Q 
4007UB 


3 4 5 
D-Pg S-Pg Gg S-Ng ONg Ga Vss 
D=Drain S=Source G = Gate 
Add suffix for package: 


14-pin Cerdip 
14-pin Ceramic 
14-pin Epoxy 
14-pin Flat 
Chip 


RECOMMENDED OPERATING CONDITIONS 
For maximum reliability: 


DC Supply Voltage Vpp-Vss  3to15 
Operating Temperature TA 
C, D, F, H Device -55 to +125 
E Device -40 to +85 


SCHEMATIC DIAGRAM 


PTT ttt ttt AT 
—-. "G88888. ~ UsaaRe.--~ “sDean 
(+) 23 ) 7.8 10 2.5 15 


INPUT VOLTS (Vy) 


Typ. current and voltage transfer 
characteristics for inverter 


ORAIN MILLIAMPERES (Ip) 


Vdc 


oC 
oC 


SCL4007UB 
ELECTRICAL CHARACTERISTICS 


STATIC CHARACTERISTICS ' 


PARAMETER CONDITIONS 


QUIESCENT DEVICE 
CURRENT 


"iin. | Mox-| Wain | Typ, [Man] 


NOTES: ' Remaining Static Electrical Characteristics are listed under “4000B Series Family Specifications”. 
2 Trow = -55°C for C, D, F, H device. 
= -40°C for E device. 
Trigun 7 +125°C for C, D, F, H device. 
= + 85°C for E device. - 


DYNAMIC CHARACTERISTICS (C, =50 pF, T, = 25 C)' 


PROPAGATION DELAY TIME 


! 
10 7 i 30 60 : | 
15 - . 25 50 ; 
hots ee ee ae “ err = 
“OUTPUT TRANSITION TIME tron. trae! | 
| 5 | - ‘100 200 ' ns 
1 10 {| - i 50 100 i ! 
ee eee be 1S ue pi Oe, 2B 5 


"Connected as inverter 


AMBIENT TEMPERATURE (Ta) © 25°C Soscuuasecas 
TYPICAL TEMPERATURE COEFFICIENT FOR 
O|ALL WALUES OF Vpp*0.3%/°C 


tte et 
Lif Ji i iid 1 1 id na. mene 


suny vous Wo =A AYLI 
oi Fe tee CVU I 


beast te ie A 
Suesseseseatcitcicitats oe tae Tat 
Bett < > Ld Antes ae 27/20 se 
tte cece Leet LA 
BBe | a SREB RaP~ aa 

sor nar .enseeee | | TTHLA LY GAP orc 


TTtIit t@¢@Melalrtiin tin t iis 


DISSIPATION PER GATE (P,) - LW 


BEIM 2 Bale 


PROPAGATION DELAY TIME (tom. * torn) — as 


aa-= B a or a: 
coodcseeee GeeeenSeGeGnneuasaneuaes a c= = $Op# ---- ac 
GQUGRERECES SEGRE SRARERE ES eeAeesess a 

ie) 10 20 A] 40 50 60 70 60 


CAPACITANCE (C.) — pF 10 103 10 toe —s108 to” 


Typ. propagation delay time vs. Cy Typ. dissipation characteristics 


APPLICATIONS INFORMATION 


P as te a (1,5); (7,4,9) 9 an t Drive (11,14); (7,4,99 


(OPTIONAL Von PULL-UP) 


(12,5,8); (7,4,9) 


(1,12, 13); (2,14, 11); 
(4,8); (5,9) 


3-Input NAND Gate ‘ 


3-Input NOR Gate sg » (13,2); (1.11); —>- 


Tree (Relay) Logic ‘9° (13, 12,5); (4,9,8); 
(14,2); (1,11) 
" High Source-Current Driver 


(6,3, 10); (13, 1,12) Yoo 
(14,2,13); (7,9) Crean 


: if: iP 


a 
lo 
es 
| {OPTIONAL veg Pury OOWN! 


= VSs 
#° ALL P- UNIT SUBSTRATES 
ARE CONNECTED TO Voo | OUT tV¥pp)!C * AB 
ALL N- UNIT SUBSTRATES — 
AME CONNECTED TO Vee Uc OUT (Vg5)*Ca CB 
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SCL4007UB 


APPLICATIONS INFORMATION (Continued) 


High Sink- and Source-Current Driver Dual Bi-Directional Transmission Gating 
(6,3, 10); (14,2, 11); (1,5,132), (2,9). 


(7,4,9); (13,8, 1,5, 12) (11.4), (8,13, 10), (6,3) peu 


3-State Buffer 


*VoD 


Disable 3 oi] 
—= 


1 


11 
—o 
Input 10 = Output 
—— 
9 


8 


7 


Biasls 6o——I" 
q 


INPUT | DISABLE OUTPUT 


8] 
1 
Open 


X = Don’t Care 
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SOLID NZ 


STATE SCL4008B 
SCIENTIFIC 

CMOS FOUR-BIT FULL ADDER 
FEATURES 


@ Look-Ahead Carry Output 
@ High-Speed Operation 


DESCRIPTION 


The 4008B consists of four Full-Adder 
stages with fast Look-Ahead Carry provision from 
stage to stage. Circuitry is included to provide a 
fast Parallel-Carry-out bit to permit high-speed 
operation in arithmetic sections using several 
4008B’s. 4008B inputs’ include the four 
sets of bits to be added, A1 to A4 and B1 to B4, in 
addition to the Carry-in bit from a previous section. 
4008B outputs include the four Sum bits, S1 
and S4, in addition to the high-speed Parallel-Carry- 
out which may be utilized at a succeeding 4008B 
section. 


TRUTH TABLE 
(one stage) 


CONNECTION DIAGRAM 
(all packages) 


Vpp B4 Cour $4 S3 S2 S1 


A4 B3 A3 B2 A2 B11 Al 


Add suffix for package: 


16-pin Cerdip 
16-pin Ceramic 
16-pin Epoxy 
16-pin Flat 
Chip 


RECOMMENDED OPERATING CONDITIONS 

For maximum reliability: 
DC Supply Voltage Vpp-Vss 3to15 Vdc 
Operating Temperature Ta 


C, D, F, H Device -55 to +125 OC 
E Device 40 to +85 °C 


BLOCK DIAGRAM 


High-Speed 
Parallel Carry 


Poe 
4a 


Voo = Pin 16 
Vss = Pin 8 


SCL4008B 


ELECTRICAL CHARACTERISTICS 


STATIC CHARACTERISTICS ' 


PARAMETER Von | CONDITIONS 
(Vdc) 


QUIESCENT DEVICE 
CURRENT 


aaa eee 


150 |uAdc 
= 


NOTES: ' Remaining Static Electrical Characteristics are listed under “4000B Series Family Specifications”. 
2 TLow = -55" C for C, D, F, H device. 
= -40° C for E device. 
THIGH = +125" C for C, D, F, H device. 
=+ 85°C for E device. 


= Vss or Von 
Al! valid input 
combinations 


DYNAMIC CHARACTERISTICS (C, = 50pF, Ta = 25°C) 


Voo 
PARAMETER (V oe) 


PROPAGATION DELAY TIME 
Sum In to Sum Out tecH. teHe 


Sum In to Carry Out teLH. teHL Ft 


160 320 
115 230 


Carry In to Sum Out tery. teHe 


Carry In to Carry Out teiH, teHL 


OUTPUT TRANSITION TIME tron. trHe 
_ 100 200 
- 50 100 
- 40 80 


Vos, DRAIN VOLTAGE (Vdc) 
-20 -18 -16 -14 -12 -10 -8 -6 


lin, DRAIN CURRENT (mAdc) 


z 
z 
z 
eo 
e 
a 
a 
Mm 
z 
= 
Pied 
— 


12 14 16 18 20 
Vos, DRAIN VOLTAGE (Vdc) 


Typical P-Channel Typical N-Channel 
Source Current Characteristics Sink Current Characteristics 
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SCL4008B 


LOGIC DIAGRAM 


APPLICATIONS INFORMATION 


Word A + B Inputs 


paarnrae 
Al.—— — B84 Al ——-— 64 Ale— = 84 Al -- -- —. 84 


Ch: 
Cin 4 . 7 


c _ 
ks ie eke 


Si—-— — $a Si Sa $1 4 $1 —- 
Nae = 


—- — _—«- ~—«- —a, = eee wee eee 


4 
Sed 


ee 


Sum Outputs 


Calculation of 16-bit adder speed: 
tp total = tp (Sum to Carry) + tp (Carry to Sum) + 2 to (Carry to Carry) 


16—Bit Adder 
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SCL4008B8 


APPLICATIONS INFORMATION (Continued) 


BCD Number (Two Digits) 


B4 A4 B83 A3 B82 A2 B81 Al 


ptt 4008B srt 


Out In 


$3 $2 


B4 AS B3 AZ B2 A2 BI AI 


— 40088 


Out 
Ss 


4 $3 $2 


B4 A4 B83 AZ B2 A2 


a 4008B 


Out 


$3 $2 


128 64 32 16 


BCC or Binary Number (8 Bits) 


2-Digit BCD-to-Binary Conversion 


Q2 a3 Qa 


2 4013B’s 


Cin 4008B Cou 


81 Al B2 A283 A3 B84 AS 


*B-inputs can be 
programmed to 
vary step size. 


4-Bit Up/Down Counter 
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SOLID @> 

STATE Sa SCL4009UB 

SCIENTIFIC SCL4010B 
CMOS HEX BUFFERS/CONVERTERS 

FEATURES 


@ Direct Drive of 2 TTL/DTL Loads 
® Operation from Single or Dual Supplies 
@ All inputs Diode-Protected 


DESCRIPTION 


The 4009UB and 4010B are single-chip 
monolithic silicon integrated circuits containing 
eighteen N-Channel and twelve P-Channel enhance- 
ment-mode MOS transistors connected to form six 
independent buffer/converter configurations. These 
devices are designed for use as hex CMOS-to-DTL 
or TTL logic level converters or hex CMOS current 
drivers. Conversion ranges are from CMOS logic 
operating at 3Vdc to 18Vdc supply levels to DTL 
or TTL logic operating at 3Vdc to 6Vdc supply 
levels. Conversion to logic output levels greater 
than 6Vdc is permitted proving Voc <Vpp. 


SCHEMATIC DIAGRAMS 
4009UB 


bas 


CUTPUT ch 
_GND 


ouTPUT wv vec 
_ GND 
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CONNECTION DIAGRAM 
(all packages) 


Vpop 6Y 6A NC 5Y 5A 4Y 4A 


16 


1 


15 14 #13 12 «11 


10 9 


4009UB 4010B 


2 3 4 6 


Vec 1Y 1A 2Y 2A 3Y 


7 


3A Vss 


Add Suffix for Package: 


16-pin Cerdip 


16-pin Ceramic 


16-pin Epoxy 
16-pin Flat 
Chip 


RECOMMENDED OPERATING CONDITIONS 
For maximum reliability: 
DC Supply Voltage Vpp-Vss 


E Device 


Vcc - Vss 


3t015 Vdc 
3to15 Vdc 


Vcc < VoD 
Operating Temperature Ta 
C, D, F, H Device 


LOGIC DIAGRAMS 


4009UB 


-55 to +125 OC 
-40t0 +85 OC 


SCL4009UB, SCL4010B 


ELECTRICAL CHARACTERISTICS 
STATIC CHARACTERISTICS ' 


Vp gua” | —_ tase | Tse nits 
PARAMETER CONDITIONS 

0B) | CONDITIONS Tee a ee 

lop 


QUIESCENT DEVICE 


CURRENT Vi aVecorNen = wAde 
4009UB All valid input - 
25 combinations | ~ | abe] 
QUIESCENT DEVICE lool. Mn=Ysso"Von — pAde 
CURRENT 10 |All valid input - 
40108 15 |combinations = 
MINIMUM INPUT HIGH Viel 
VOLTAGE 5 Vo, = 0.5V = Vde 
4009UB 10 |Vo. = 1.0V =: 
15 |Vo, =1.5V i. 
lo S 1A 
MAXIMUM INPUT LOW Vit 
VOLTAGE Vde 
4009UB 
OUTPUT HIGH 
CURRENT mAdc 
(SOURCE) 
OUTPUT LOW a 
CURRENT mAdc 


(SINK) 


PROPAGATION DELAY TIME 
Driving CMOS 


Driving TTL/DTL 


Driving CMOS 


Driving TTL/DTL 


OUTPUT TRANSITION TIME 


INPUT CAPACITANCE 
4009UB 
4010B 


SCL4009UB, SCL4010B 


Vos, DRAIN VOLTAGE (Vde) 
-20 -18 -16 -14 -12 -10 -8 -6 -4 


> Oo © 
oo & 


Nm 
Oo o 


3 
< 
E 
—_ 
— 
z 
tad 
4 
«| 
> 
o 
= 
S 
2 


a 
= 

So 
= 
= 
eo 
e 
a 
| 
m 
= 
= 
Eien, 
3 
= 
mad 


6 8 10 12 14 16 18 20 
Vos, DRAIN VOLTAGE (Vdc) 


Typical P-Channel Typical N-Channel 
Source Current Characteristics Sink Current Characteristics 


COLLECTOR SUPPLY VOLTS (Vec) = + 5 HE 


OUTPUT VOLTS (Vo) 


ee 
eaenies 
vpeea aes 
Jeeerees 
ene seaaeas as: 
es 


6 8 10 t2 
. aPOT VOLTS (Vy ) IMPUT VOLTS (¥,) 
Typ. voltage transfer characteristics as function of Typ. voltage transfer characteristics as a function 
temperature — 4009UB of temperature — 4010B 


AMBIENT TEMPERATURE (Tale25¢c 111 P AMBIENT TEMPERATURE (Tae 25-C[ TA A] 1 11 
| |COUdT WT TTT rs Y 7A I [tl 
@ 
ae ar 
eae i 
to ee a es 
ee] an Cees Ga ae 


OUTPUT VOLTS (Vo) 


POWER PER INVERTER/BUFFER- pW 


2 aeB 
om 
PTI ———Loab capaci tance tc, #SpF 
4 —_ cs = Cy #50 pF 


al 
Lig IS CTTTALIICOiitT USERS EERERERResesASss 
QEUXMSRGTURRE. SERSYVEnS Nt rh 
Lt TL Lda tncheeh let Medak bahodnde th tt tht LtlTitiittt Baeang 


0 2 4 6 8 10 12 14 4 68 
INPUT VOLTS (V,) 0? 10 10% 
INPUT FREQUENCY (tH) kHz 
Min. & max. voltage transfer charac- Typ. dissipation characteristics — 
teristics — 4009UB 4009UB, 4010B 
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ne a ee 
SOLID SCL4011B 

SCL4012B 
STATE Ng SCL4023B 


SCIENTIFIC SCL4068B 
mo SCL 40B8B 
CMOS NAND GATES 


4011B — Quad 2-Input NAND 


4012B — Dual 4-Input NAND CONNECTION DIAGRAMS 
4023B — Triple 3-Input NAND (all packages) 


4068B — 8-Input NAND 


FEATURES Voo 44 4Y 3Y 


® Buffered Outputs 
@ Diode Protection on all Inputs 
® Fully “B”-Series Compatible 


TRUTH TABLE 


ee eee eee | 
All other combinations 


RECOMMENDED OPERATING CONDITIONS 
For maximum reliability: 
DC Supply Voltage Vpp-Vss 3to15 Vde 


Operating Temperature TA 
C, D, F, H Device -55 to+125 OC 
E Device 40to +85 OC 


IrQaoanmMmoOooOoa.D p> 


—s— = = 
N=] 0 O© WO AW AD 
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$CL4011B, SCL4012B, SCL4023B, SCL4068B 


Vos, 


-20 -18 -16 -14 


ELECTRICAL CHARACTERISTICS 
STATIC CHARACTERISTICS ' 


ay +25°C T 3 
| PARAMETER | Yoo | CONDITIONS ep | __ ee _ tte’ uni 
| Max.| Min. | Typ. | Max. | Min. | Max. 
pAdc 


DE an DEVICE 
CURRENT Vin = Vss Of Vop 0.05 0.0005} 0.05 
All valid input Q.10 0.001 0.10 
combinations 0.20 0.002 | 0.20 


NOTEs: ' , Remaining Static Electrical Characteristics are listed under “4000B Series Family Specifications.” 
? Trow = -55°C for C, D, F, H device. 
= -40° Cc for E device. 
Trion = +125°C for C, O, F, H device. 
= + 85°C for E device. 


DYNAMIC CHARACTERISTICS (C, »50pF, T, = 25°C) 


PROPAGATION DELAY TIME 


“OUTPUT TRANSITION TIME 


DRAIN VOLTAGE (Vdc) 
“12 -10 -8 -6 


lo, DRAIN CURRENT (mAdc) 


(opyw) INJUUND NIVUO *°y 


10 12 14 
Vos, ORAIN VOLTAGE (Vdc) 


16 18 20 


Typical P-Channel | Typical N-Channel 
Source Current Characteristics Sink Current Characteristics 
LOGIC DIAGRAMS SCHEMATIC DIAGRAM 40128 (1 of 2 gates) 
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SOLID NG 


STATE S$CL4011UB 
SCIENTIFIC 
CMOS NAND GATE (Unbuffered) 
FEATURES . 
@ Unbuffered Outputs for Quasi-Linear Applica- CONNECTION DIAGRAM 
tions . (all packages) 
@ Quad 2-Input NAND Configuration 
@ Diode Protection on all Inputs Vpp 48 4A 4Y 3Y 38 3A 
@ Output Drive Current Compatible with “8” 
Series 12 11 10 9 
® Pin Compatible with Buffered 4011B 4011UB 
3. 4 5 
DESCRIPTION 1A 18 1Y¥Y 2Y 2A 2B Vgss 
The 4011UB consists of four positive-logic 
NAND gates. The outputs are unbuffered, making Add suffix for package: 


the device suitable for quasi-linear applications, 
such as gated oscillators, multivibrators, and pulse 
shaping circuits. i 

For digital applications, the buffered 4011B 14-pin Epoxy 
is recommended for its higher gain and input 14-pin Flat 
pattern insensitivity. Chip 


14-pin Cerdip 
14-pin Ceramic 


THUTHUBeee RECOMMENDED OPERATING CONDITIONS 
7. | Output For maximum reliability: 
All other combinations La. DC Supply Voltage Vpp-Vss 3to15 Vde 


Operating Temperature Ta 


C, D, F, H Device -55 to +125 OC 
E Device 40 to +85 °C 
SCHEMATIC DIAGRAM LOGIC DIAGRAM 
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SCL4011UB 


ELECTRICAL CHARACTERISTICS 
STATIC CHARACTERISTICS ' 


Vv T +25 °C T 
PARAMETER DD | conorrions |-Teow" ase Tas” units 
__tewweren | ah i ea a 


QUIESCENT DEVICE 


CURRENT Vin =Vss or Vool — | 0.05} — {0.0005} 0.05) - | 1.5 |uAde 
Allvalid input | - |0.10| - |o.001| 010] —- | 3.0 
= Comp aMOOS i O20. e002 1020) Sl 60 


NOTES: ! , Remaining Static Electrical Characteristics are listed under “4000B Series Family Specifications”. 
* TLow =-55°C for C, D, F, H device. 
= ~40° C for E device. 
Tuicgu = +125°C for C, D, F, H device. 
=+ 85°C for E device. 


DYNAMIC CHARACTERISTICS (C, =50pF, T, = 25°C) 
PARAMETER 


PROPAGATION DELAY TIME 


OUTPUT TRANSITION TIME 


Vos, DRAIN VOLTAGE (Vdc) 
-20 -18 -16 -14 -12 -10 -8 -6 


ry 
2 
iS 
—_ 
— 
= 
wi 
4 
4 
= 
(x) 
= 
r=] 
7 
= 


° 
= 
z 
2 
S 
F] 
FE 
m 
= 
am 
F] 
z 
= 


6 10 12 14 16 18 
Vos, DRAIN VOLTAGE (Vdc) 


Typical P-Channel Typical N-Channel 
Source Current Characteristics Sink Current Characteristics 
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SCL4011UB 


APPLICATIONS INFORMATION 


% 4011UB 


Gated Oscillator 


HIGH 
% 4011UB | { 
Low 
HIGH a, ee 
LOW : TRANSFER VOLTAGE POINT- INVERTER A 


HIGH ---- ! 
LOW __]J = 
HIGH --—- gone VOLTAGE POINT-INVERTER B 
Low a 


HIGH 


Compensated Monostable Multivibrator 
(Independent of Transfer Voltage) 


% 4011UB 

R,*® Ro 104 

C, = Co = 0.00! pF 
POINT IN ae . 
CIRCUIT WAVEFORM 


Frequency Doubler 
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SOLID Ng 


STATE SCL4013B 
SCIENTIFIC 

CMOS DUAL D-TYPE FLIP-FLOP 
FEATURES 
@ independent Set and Reset Controls CONNECTION DIAGRAM 
@ Static Operation (all packages) 
® Logic Edge-Clocked Design 
® 16MHz Toggle Rate @ 10Vdc Vpop Q2 Gg Clg Ro Dg So 
DESCRIPTION 


Qy CLy Ry Dy Sy 

The 4013B consists of two identical, inde- 
pendent D-type Flip-Flops. These devices can be 
used for shift register applications, and, by con- 


necting the Q output to the Data input, for counter RECOMMENDED OPERATING CONDITIONS 

and toggle applications. The logic level present at ee 

the D input is transferred to the Q output during For maximum reliability: 

the positive-going transition of the Clock pulse. DC Supply Voltage Vpp-Vsg 3to15 Vdc 
Setting or resetting is independent of the Clock and O : 

: . : perating Temperature TA 

is accomplished by a high level on the Set or Reset C, D, F, H Device 55 to +128 OC 


line, respectively. E Device 40to +85 OC 


TRUTH TABLE 


BLOCK DIAGRAM 


NO CHANGE 


= Level Change 
Don’t Care 


LOGIC DIAGRAM 
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SCL4013B 


ELECTRICAL CHARACTERISTICS 


STATIC CHARACTERISTICS ' 


Vop 
PARAMETER (Vde) 


QUIESCENT DEVICE 
CURRENT 


CONDITIONS 
| Min. | Max.| Min. | Typ. | Max. | Min. | Max. _ 


1.0 0.005; 1.0 30 | wAdc 
2.0 0.01 | 2.0 60 
4.0 0.02 | 4.0 120 


NOTES: ' Remaining Static Electrical Characteristics are listed under “4000B Series Family Specifications.” 
TLow = -55°C for C, D, F, H device. 
= -40°C for E device. 
Trion = +125°C for C, D, F, H device. 
= + 85°C for E device. 


Vin=Vss Of Voo 
All valid input 
combinations 


DYNAMIC CHARACTERISTICS (C, = 50pF, Ta = 25°C) 
PARAMETER 
CLOCKED OPERATION 


PROPAGATION DELAY TIME tecH. teHLe 125 
65 
45 
OUTPUT TRANSITION TIME ea an 100 
50 
40 
MINIMUM CLOCK PULSE WIDTH PWer 70 
30 
20 
MAXIMUM CLOCK FREQUENCY 


PROPAGATION DELAY TIME 
S$toQ,R to O 


1When units are cascaded, the maximum rise and fall times of the clock input should be equal to or 
less than the transition times of the data outputs driving data inputs, plus the propagation delay of 
the output driving stage for the output capacitive load. 


Vos, DRAIN VOLTAGE (Vdc) 
-20 -18 -16 -14 -12 -10 -8 


lor, DRAIN CURRENT (mAdc) 


a 
= 

: 
= 
o 
i= 
es) 
| 
= 
= 
=a 
3 
5 


8 10 12 14 16 18 20 
Vos, DRAIN VOLTAGE (Vdc) 


Typical P-Channel Typical N-Channel 
Source Current Characteristics Sink Current Characteristics 
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SOLID 
STATE Sg SCL4014B 
SCIENTIFIC 


CMOS 8-STAGE SHIFT REGISTER 


FEATURES 

@ Synchronous Parallel Input/Serial Output CONNECTION DIAGRAM 

@ Synchronous Serial Input/Serial Output (all packages) 

% Fully Static Operation — DC to 6 MHz @ 10Vdc ee 

 Q Outputs from Stages 6, 7, and 8 Available VppPI-7 PI-6PI-5 Q7 IN CL P/S 
DESCRIPTION 


The 4014B is an 8-stage Parallel-Input/Serial 
Output Register having common Clock and Parallel/ 
Serial Control! inputs, a single Serial Data input, 
and individual parallel Jam inputs to each register PI-8 Qg Qg PI-4 PI-3 PI-2 PI-1 Vg 
stage. Each register stage is a D-type, master-slave 
flip-flop. In addition to an output from stage 8, Q 


Outputs are also available from stages 6 and 7. Add suffix for package: 
Parallel as well as serial entry is made into the 16-pin Cerdip 
register synchronous with the positive Clock line 16-pin Ceramic 
transition and under control of the Parallel/Serial 16-pin Epoxy 
Control input. When the Parallel/Serial Control in- 16-pin Flat 
put is low, data is serially shifted into the 8-stage Chip 


register synchronously with the transition of the 
Clock line. When the Parallel/Serial Control input 
is high, data is jammed into the 8-stage register via 
the Parallel Input lines and synchronous with the RECOMMENDED OPERATING CONDITIONS 
Positive transition of the Clock line. Changes on For maximum reliability: 


the Parallel/Serial Control should be made only ; 
while the Clock is low. Register expansion using DC Supply Voltage Vpp-Vss 3to15 Vde 


multiple 40148 packages is permitted. Operating Temperature Ta 
C, D, F, H Device -55 to +125 OC 
E Device 40to +85 OC 


TRUTH TABLE 


*Q6, Q7, and O8 are available externally 
X = Don’t Care 


P1-2 PIS PI = PIG 


iY ly [y 
Hi ION yy yy yy 
St OST RET PST AST PST AST PSY AST PET RY way RSt PST 
Lf “4 STAGES SAME _ Pode oie: o 
Kanan? AS STAGE ONE 


i mul dla ia a 
miei CL -CL cL inde 
ie a Oe es 


TERMINAL 16 Voo 
TERMINAL 8 GND 


PARALLEL 
SERIAL 
CONTROL 


SCL4014B 


ELECTRICAL CHARACTERISTICS 
STATIC CHARACTERISTICS ' 


° 
PARAMETER Voo | conDITIONS 


(Vde) a es [i Pi 
QUIESCENT DEVICE 
CURRENT loo 5 |Vin=Vss0rVoo] — 5 — | 0.05 5 _ 150 |uAdc 
10 |All valid input _ 10 - |0.1 10 - 300 
eat oe ea ae _15 |combinations | - | 20, - |0.2 20 | — | 600 


NOTES: ' , Remaining Static Electrical Characteristics are listed under “ 4000B Series Family Specifications”. 
2 Trow = -55°C for C, D, F, H device. 
= -40° C for E device. 
THIGH = +125° C for C, D, F, H device. 
= + 85°C for E device. 


DYNAMIC CHARACTERISTICS (C, = 50pF, Ta sete 


PARAMETER vie Es 


PROPAGATION DELAY TIME teiaotent: 


43 a 


OUTPUT TRANSITION TIME 


eee ee ee eee ee nee reer $e | ce ee ee ee oe -; 


MINIMUM SETUP TIME 
Serial Input 


P/S Input 
Parallel Inputs 


MINIMUM HOLD TIME 
All Inputs 


1 When units are cascaded, the maximum rise and fall times of the clock input should be equal to or 
less than the transition times of the data outputs driving data inputs; plus the propagation delay of 
the output driving stage for the output capacitive load. 


Vos, DRAIN VOLTAGE (Vdc) 
-20 -18 -16 -14 -12 -10 8 -6 -4 es ee ee ee 
Fan aes a (ee Se es Ce 


3 
4 
E 
= 
= 
vr) 
e 
ce 
= 
(x) 
Fi 
[—) 

3 
a 


= 
= 
= 
r 4 
eo 
i= 
a 
Fé] 
m 
=z 
= 
a, 
> 
© 
—_ 


8 10 12 14 16 18 20 
Vos, DRAIN VOLTAGE (Vde) 


Typical P-Channel Typical N-Channel 
Source Current Characteristics Sink Current Characteristics 
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SOLID NG 


STATE S$CL4015B 
SCIENTIFIC 
CMOS DUAL 4-STAGE SHIFT REGISTER 

FEATURES 
© Serial Input/Parallel Output CONNECTION DIAGRAM 
@ Direct Reset (all packages) 
@ Two Independent Sections 
@ Fully Static Operation - DC to SMHz @ 10Vde Vop 0g Reg O16 QoB A3R Ag, CLap 
DESCRIPTION 

The 4015B consists of two identical, inde- Clg Q4g Q3a AQAA O44 Ra Da Vgs 


pendent, 4-stage Serial-Input/Parallel-Output Reg- 
isters. Each register has independent Clock and 


Reset inputs as well as a single serial Data input. Q Add suffix for package: 


Outputs are available from each of the four stages 16-pin Cerdip 
on both registers. All register stages are D-type, 16-pin Ceramic 
master-slave flip-flops. The logic level present at the 16-pin Epoxy 
Data input is transferred into the first register stage 16-pin Flat 


and shifted right one stage at each positive-going Chip 
Clock transition. Resetting of all stages is. accom- 
plished by a high level on the Reset line. Register 


expansion to 8 stages using one 4015B package, 
or to more than 8 stages using additional RECOMMENDED OPERATING CONDITIONS 
4015B’s, is possible. For maximum reliability: 


DC Supply Voltage Vpop- Vss 3to15 Vdc 
Operating Temperature TA 
C, D, F, H Device -55 to +125 OC 
E Device 40 to +85 9C 


TRUTH TABLE 


BLOCK DIAGRAM 
(NO CHANGE) 


* = LEVEL CHANGE 4.STAGE 
X= DON’T CARE SHIFT REGISTER 


LOGIC DIAGRAM. 


4 BUFFERED 
OUTPUTS 


4-STAGE 
SHIFT REGISTER 


4 BUFFERED 
OuTPUTS 
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SCL4015B 


ELECTRICAL CHARACTERISTICS 
STATIC CHARACTERISTICS ' 


PARAMETER Voo | CONDITIONS 
(Vde) 


QUIESCENT DEVICE 
CURRENT 5 Vin =Vss or Voo 


[ Max.| Min. | Typ. | Max. 


Fee 


NOTES: ' Remaining Static Electrical Characteristics are listed under “40008 Series Family Specifications”. 
2 TLow =-55°C for C, D, F, H device. 
= -40°C for E device. 
Tricu = +125°C for C, D, F, H device. 
= + 85°C for E device. 


10 JAIl valid input 
15 lcombinations 


DYNAMIC CHARACTERISTICS (C, = 50pF, T, = 25°C) 


PARAMETER 


CLOCKED OPERATION 
PROPAGATION DELAY TIME 


OUTPUT TRANSITION TIME 
MINIMUM CLOCK PULSE WIDTH 


MAXIMUM CLOCK FREQUENCY 


MAXIMUM CLOCK RISE AND FALL TIME! 
MINIMUM DATA INPUT DATA SETUP TIME | 
MINIMUM DATA INPUT HOLD TIME ae 


50 100 


RESET OPERATION 


PROPAGATION DELAY TIME 


MINIMUM RESET PULSE WIDTH PWe Se 
RESET REMOVAL TIME bax 375 750 
125 250 
- 100 200 


' When units are cascaded, the maximum rise and fall times of the clock input should be equal to or 
less than the transition times of the data outputs driving data inputs, plus the propagation delay of 
the output driving stage for the output capacitive load. 


Vos, DRAIN VOLTAGE (Vdc) 
-20 -18 -16 -14 -12 -10 -8 -6 


lo, ORAIN CURRENT (mAdc) 


E 
ma 
5 
E 


10 12 14 
Vos, DRAIN VOLTAGE (Vdc) 


Typical P-Channel Typical N-Channel 
Source Current Characteristics Sink Current Characteristics 
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SOLID G 
STATE SB 
SCIENTIFIC 


SCL4016B 


FEATURES 


@ Wide Range of Digital and Analog Signal Levels- 
Digital or Analog Signals to 18 Volts peak 

@ Low ON Resistance — 
200 {2 typ. over 15Vp-p Signal Input Range, @ 
15Vde 

@ Matched Switch Characteristics - 102 typ. Dif- 
ference between Roy Values at a Fixed Bias 
Point over 15Vp-p Signal Input Range @ 15Vdc 


@ High On/Off Output Voltage Ratio — 65 dB typ. 


@ fj, = 10kHz, Ry = 10KQ2 

® High degree of Linearity - < 0.4% Distortion 
typ. @ fj, = 1kHz, Vis= 5Vp_p, Vpp-Vss~10V, 
Re = 10k22 

® Extremely Low OFF Switch Leakage Resulting 
in Very Low Offset Current and High Effective 
OFF resistance - 10pA typ. @ Vpp-Vss = 10V, 
Ta = 25°C 

® Extremely High Control Input Impedance (Con- 
trol Circuit Isolated from Signal Circuit) 
1012) typ. 
Low Crosstalk between Switches - -50dB typ. 
@ fj, = 0.9MHz, Ry = 1kQ 
Matched Control-Input to Signal-Output Capac- 
itances - Reduces Output Signal Transients 
Transmits Frequencies up to 40MHz 


DESCRIPTION 
The 4016B is a single-chip monolithic 
silicon integrated circuit containing eight N- 


channel and eight P-channel enhancermnent-mode 
MOS transistors connected to form four indepen- 
dent bilateral signal switches. Each switch consists 
of both P- and N-channel devices with common 
source and drain connections. A single control sig- 
nal is required per switch. Both P and N devices in 
a given switch are biased ON or OFF by the control 
signal. The CMOS switch permits peak input-signal 
voltage swings equal to the full supply voltage, a 
considerable advantage over single-channel types. 


SCHEMATIC DIAGRAM 


INPUT SIGNALS { ¥ig) 
TERMINAL Nos 1.4.0.1) 


OUTPUT SIGNALS (Vgg) 
TERMINAL Nos 2,3.9,t0 


dos 3 lee 


Switch a 


SwiTcn 8 
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CMOS QUAD ANALOG SWITCH 


CONNECTION DIAGRAM 
(all packages) 


SWITCH SWITCH SWITCH 
A D Cc 
te te 

Vpp C Cc IN OUT OUT IN 


IN OUT OUT IN Cc 
SWITCH SWITCH SWITCH 
A B 


Cc Vss 
—e 


RECOMMENDED OPERATING CONDITIONS 
For maximum reliability: 
DC Supply Voltage Vpp-Vss 


Operating Temperature Typ 
C, D, F, H Device 
E Device 


3to15 Vdc 


-55 to +125 OC 
40to +85 OC 


LOGIC DIAGRAM 


; PUT 
SIGNAL A 
2 
OUTPUT 


; INPUT 
SIGNAL B 


SCL4016B 


ELECTRICAL CHARACTERISTICS 
STATIC CHARACTERISTICS ' 


QUIESCENT DEVICE 

CURRENT Vin = Vss or Voo 
All valid input 
combinations 


MINIMUM INPUT HIGH 
VOLTAGE 
(Control Input) 


MAXIMUM INPUT LOW 
VOLTAGE 
(Control Input) 


SWITCH INPUT/OUTPUT 
LEAKAGE 
(Switch off) 


ON-RESISTANCE 
600 


ON-RESISTANCE MATCH 
(Same package) 
‘ -7.5 | +7.5 
5 +5 


NOTES: ' Remaining Static Electricat Characteristics are listed under ““4000B Series Family Specifications.” 
> TLow = -55°C for C, D, F. H device. 
= -40°C for E device. 
Tuicn = +125°C for C, D, F, H device. 
= + 85°C for E device. 
3 Conditions for measuring Vin! 


los 
5 5 46 -2 —-20 -.14 


10 10 95 -62 -.50 -—-.35 mA 
1 15 135 -18 -150 -1.10 


DYNAMIC CHARACTERISTICS (C, = 50 pF, Ta = 25°C) 


PARAMETER 


SIGNAL INPUTS (Vis) AND OUTPUTS (Vos) 


PROPAGATION DELAY TIME 

Signal input to Ve =Voo 20 

signal output Vis = square wave 10 
R, = 10k2 7.5 


BANDWIDTH (-3dB) ie 
(Sine Wave) Ve +5 
Vis = | 40 
centered | 100k 22 | 38 | 
@0.0Vdc 
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SCL4016B 
ELECTRICAL CHARACTERISTICS (Continued) 


DYNAMIC CHARACTERISTICS (C, = 50 pF, Ta = 25°C) (Continued) 
Vv Vv 
ee cos 


SIGNAL INPUTS (Vig) AND OUTPUTS (Vos) (Continued) 
INSERTION LOSS 


( = 20 log 49 ¥28) 
Vis 


centered 


SIGNAL DISTORTION 
(Sine Wave) 


Vis = 5V 
centered ne 


FEEDTHROUGH (-50dB) 


CROSSTALK (-50dB) 
(Between two switches) 


Ve (Al = Vop 
Vis (A) = 5Voe 
centered 
@0.0Vdc 
Ry = 1.0k 


CAPACITANCE 
Input 


Output 
Feedthrough 


CONTROL INPUT (Vc) 


PROPAGATION DELAY TIME 


Vss © Vis € Vop 


Turn on R_ = 10k2 


CROSSTALK 
(To signa! port) 


+ 
—_ 
wn 


+ 
ui 


+ 
~ 
wn 


+] it 
i) 
OV ig 
on 


+25 


N 
mn 
Ls] 
wi 


* Versation from a perfect witch: Roy = ON. 
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SCL4016B 


SUPPLY VOLTS: ve +00; 


20 
AMBIENT TEMP: KA 225°C 


g 
: 
3 
a 
: 
3 


~ 
= 
a) 
ar 
° 
> 
a 
« 
3 
a 
- 
2 
& 
2 
°o 


4 


INPUT SIGNAL VOLTS (Vic) INPUT SIGNAL VOLTS (Vig) 


Typ. ON characteristics for 1 of 4 switches Typ. ON characteristics for 1 of 4 switches 
with Vpp=t15V, Vss=0V with Vpp=1t10V, Vss=0V 


SUPPLY VOLTS : Von * +5; Vgg 20 
AMBIENT TEMPERATURE (1) = 25°C 
TTT TITIT IIIT IIT Titi rrr 


SUPPLY VOLTS: Yop °+23; Vgg °-75 HE 
AMBIENT TEMPERATURE (T,)°25°C 


OUTPUT SIGNAL VOLTS (Vos) 
OUTPUT SIGNAL VOLTS (Vos) 


-25 2.5 


INPUT SIGNAL VOLTS (Wig) 
INPUT SIGNAL VOLTS (Vis) 


Typ. ON characteristics for 1 of 4 switches Typ. ON characteristics for 1 of 4 switches 
with Vpp=t5V, Vss=0V with Vpp=+7.5V, Vss=-7.5V 


SUPPLY VOLTS: Vpp * + 25V;¥gg *-25v FOE 
AMBIENT TEMPERATURE (Ta) © 25°C ase aces 


3 scaacGeeeeceeeesesussncnscepeunce 
aaa SEuunESa 4 


iTirtltitit Tilo tiit yt 
seveceoun Hatt ttre 


g| SUPPLY VOLTS: Vop*+5:Vss°-S HH 
AMBIENT TEMPERATURE (Tg) * 25°C aa 


OUTPUT SIGNAL VOLTS (Vog) 


7 2 3 
INPUT SIGNAL VOLTS (Vig) 
INPUT SIGNAL VOLTS (Vis) 


Typ. ON characteristics for 1 of 4 switches Typ. ON characteristics for 1 of 4 switches 
with Vpp=t5V, Vss=-5V with Vpp=+2.5V, Vss=-2.5V 
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SCL4016B 


SUPPLY VOLTS: Voo*+5, Vsg°—5 Cios RF VOLTMETER 
INPUT SIGNAL VOLTS (Vis)* 5 Vp-p ieee BOONTON RADIO 


SUPPLY VOLTS Vop?+5, Vgg*-5 

CONTROL VOLTS (Vce)=-5 

INPUT SIGNAL VOLTS (V,,)*5 Vp-p SINE WAVE (177 RMS) 
LOAD CAPACITANCE (CL SCFIXTURE *CMETER 

1FIXTURE AND METER NULLED OUT 


ClOS-sixtures 


MODEL 9I-CA 


SINE WAVE (177 RMS) On CokiG 


7 
' | 
CONTROL VOLTS (Vc)*+5 
: ht vOLTME TER 

2 BOONTON RADIO. 


MODEL 9'-CA 
DR EQuv 


ATTENUATION (db) 


3 
> 
n 
- 
a 
oO 
2 
~ 
Fad 
z 
wn 
= 
e 
a 
< 
2 
2 
nn 
- 
2 
a 
- 
2 
o 


OUTPUT SIGNAL RMS 
VOLTS (Vos) 


INPUT SIGNAL FREQUENCY (1,,) Miz INPUT gece eaesieney (fig) KHz 


Typ. switch frequency response - switch ON Typ. feedthru vs. freq. - switch OF F 


SUPPLY VOLTS: Vop*45, Vsg5*-5 
INPUT SIGNAL VOLTS (Vig)* 5 Vp.p SINE wave (It 77 RMS) 


tretts 20ns 


ve ve. RE VOLTMETER 
SS BOONTON RADIO 
oie MODEL 91-Ca 
oR ee 


aioe 
=. {®) 
eas pees 


103° * 8% 
INPUT SIGNAL FREQUENCY ({,,)— kHz 


ALL UNUSEO TERMINALS 
ARE CONNECTED TO Vss5 


OUTPUT SIGNAL RMS MILLIVOLTS (Vo5) 


Typ. crosstalk between switch circuits in the Crosstalk-control input to signal output 
same package 


APPLICATIONS INFORMATION 


LOGIC FUNCTIONS USING THE 40168 


Vis 
LOGIC °o* 


« 
“> 


LOGIC °o° 


4 
+ 


LOGIC °o° 


OR Gate AND Gate Inverter 
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SCL4016B 


APPLICATIONS INFORMATION (Continued) 
LATCHING DPDT SWITCH 


The latch feature insures positive switching action in response to non-repetitive or 
erratic commands. A HIGH input to Aj turns S3 and Sq ON, a HIGH to Ag turns S41 and 
S2 ON. Desirable for use with limit detectors, peak detectors, or mechanical contact 
closures. 


1/2 4011B 


State of Switches 
After Command 

§3&S4 $1 &S92 
Same Same 
On Off 
Off On 
INDETERMINATE 


SELECT INPUTS 


Digitally controlled resistor network Digitally-controlled capacitor network. 
(Vc1 >V¢7 are Select Inputs) 
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SOLID GB 


STATE SCL4017B 
SCIENTIFIC 
CMOS DECADE COUNTER/DIVIDER 
FEATURES 
@ 10 Decoded Decimal Outputs CONNECTION DIAGRAM 
@ Direct Reset (all packages) 
@ Trigger from either Edge of Clock Input et eee 
@ Carry Output for Cascading Stages Vop FR CL CE Coyt "9" "4" "8 


¢ Fully Static Operation—DC to 12MHz @ 10Vde 
1466 #15 14 #13 =«12 


DESCRIPTION 40178 


The 40178 consists of a 5-stage Johnson 
Decade Counter and an Output Decoder. Inputs 


include Clock, Reset, and Clock Enable signals. sea ge are er ee 83" Nigg 


The counter has interchangeable Clock and 
Clock Enable lines for incrementing on either a 
positive-going or negative-going transition, respec- 
tively. A high Reset signal clears the counter to its 


zero count. RECOMMENDED OPERATING CONDITIONS 


Use of the Johnson decade counter configur- For iraximurn reliabill ty: 


ation permits high-speed operation, 2-input decode 


gating, and spike-free decoded outputs. Anti-lock DC Supply Voltage Vpp-Vsgs 3to15 Vde 
gating is provided, thus assuring proper counting Operating Temperature TA 

sequence. The 10 decoded outputs are normally C, D, F, H Device 55 to +125 °C 
low and go high only at their respective decoded E Device 40 to +85 °C 


time slot. Each decoded output remains high for 
one full clock cycle. A Carry-out (Court) signal 
completes one cycle every 10 clock input cycles 
and is used to directly clock the succeeding counter 
in multi-stage applications. 


This part can be used in frequency division BLOCK DIAGRAM 
circuits as well as decade counter or decimal decode 
display applications. 


FUNCTIONAL TRUTH TABLE 
(Positive Logic) 


oon @2AFWAaWn = CO 


Voo = Pin 16 
Vss * Pin8 


x = Don’t Care 
If n< 5 Carry = ‘1°’, Otherwise = “‘0”’ 
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SCL4017B 


ELECTRICAL CHARACTERISTICS 
STATIC CHARACTERISTICS ' 


j_tanaweren [| conor im [| 
| Typ. | Max. | 
QUIESCENT DEVICE 5 lVin=Vss orVoo | — Bal, az jer |so | = | 300) 
id i 10 300 
inations | — | 20 20 600 


CURRENT 
NOTES: ' Remaining Static Electrical Characteristics are listed under “4000B Series Family Specifications”. 
2 Tow = -55°C for C, D, F, H device. 
= -40° C for E device. 
Tuicn = +125°C for C, D, F, H device. 
=+ 85°C for E device. 
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SCL4017B 
ELECTRICAL CHARACTERISTICS 


DYNAMIC CHARACTERISTICS (C, = 50pF, T, = 25°C) 


PARAMETER 
CLOCKED OPERATION 


PROPAGATION DELAY TIME 
To Decoded Outputs teLH, toy 
To Carry Output 


OUTPUT TRANSITION TIME 
Decoded Outputs tron. HHL 


Carry Output 
MINIMUM CLOCK PULSE WIDTH 
MAXIMUM CLOCK FREQUENCY 


MAXIMUM CLOCK OR ENABLE RISE AND 
FALL TIME 


MINIMUM ENABLE SETUP TIME 


MINIMUM ENABLE REMOVAL TIME 


RESET OPERATION 


PROPAGATION DELAY TIME 
To Decoded Outputs tecH, teHL 
To Carry Output 
PWr 


MINIMUM RESET PULSE WIDTH 


RESET REMOVAL TIME 


STATIC CHARACTERISTICS! 


Vin = Vss or Vop 
All Valid Input 
Combinations 


NOTES: ' Remaining Static Electrical Characteristics are listed under “4000B Series Family Specifications” 
2 TLrow = — 55°C for C, D, F, H devices. 
= — 40°C for E devices. 
TuicH = + 125°C for C, D, F, H devices. 
= +85°C for E devices. 
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SCL4017B 


AC MEASUREMENT DEFINITION AND FUNCTIONAL WAVEFORMS 


== THLE 
To 


A 

a 
Hess 
LoL. 


Q 


cr AUS. { + 


ce td) 
ENABLE 


4] 
pa °o 
r 


V/ 
aa 


5) 
RESET 


REGISTER CELL 
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SCL4017B 
APPLICATIONS INFORMATION 


COUNTER EXPANSION 


This figure shows a technique for extending the number of decoded output states 
for the 4017B. Decoded outputs are sequential within each stage and from stage 
to stage, with no dead time (except propagation delay). 


8 Decoded 
9 Decoded 8 Decoded Oumuts 
Oumuts Outputs 


F irst Stage Intermedvate Stages Last Stage 


DIVIDE-BY-N COUNTER 


When the Nth decoded output is reached (Nth clock pulse), the S-R flip-flop 
(constructed from the 4001B) generates a reset pulse which clears the 4017B 
to its zero count. At this time, if the Nth decoded output is greater than or equal to 6, 
the CouT line goes high to clock the next counter section. The ““O” decoded output 
also goes high at this time. Coincidence of the clock “‘low’’ and decoded “‘O” output 
“high” resets the S-R flip-flop to enable the 40178B. 


If the Nth decoded output is less than 6, the Court line will not go high, and, 
therefore, cannot be used. !n this case, the ‘‘O’’ decoded output may be used to perform 
the clock function for the next counter. 


ALTERNATE Coyt 
FOR N = 2 TO 10 
fe CLOCK =N 
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SOLID NB 


STATE SCL4018B 
SCIENTIFIC 

CMOS PRESETTABLE TABLE DIVIDE-BY-N COUNTER 
FEATURES 


® Divide by any Number Between 2 and 10 with 
One External Gate 

@ Johnson Counter Configuration for Spike-Free 

Counting = _ 

V R Ctl Q J Q PE 

@ Fully Static operation - DC to 5MHz @ 10Vdc ses ees . 


CONNECTION DIAGRAM 
(all packages) 


DESCRIPTION 


The 4018B consists of 5 Johnson-Counter 
stages, buffered Q outputs from each stage, and 
counter preset control gating. Clock, Reset, Data, = ! 
Preset Enable, and 5 individual Jam inputs are pro- DATA J1 J2 Q3 J3 Vss 
vided. Divide-by 10, 8, 6, 4, or 2 counter configur- 
ations can be implemented by feeding the O5, Q4, 
Q3, Q2, Q1 signals, respectively, back to the Data Add suffix for package: 
input. Divide-by-9, 7,5, or 3 counter configurations 
can be implemented by use of a single SCL4081B 16-pin Cerdip 
gate to properly gate the feedback connections to 16-pin Ceramic 
the Data input. Divide-by functions greater than 10 16-pin Epoxy 
can be achieved by use of multiple 4018B 16-pin Flat 
units. The counter is advanced one count at the Chip 
positive clock-signal transition. A high Reset signal 
clears the counter to an all-zero condition. A high 
Preset-Enable signal allows information on the Jam 
inputs to preset the counter. Reset and Preset gat- 
ing is provided to assure the proper counting 
sequence. 

This device is particularly useful in frequency- 
division and control applications. 


RECOMMENDED OPERATING CONDITIONS 


For maximum reliability: 


TIMING DIAGRAM DC Supply Voltage Vpp-Vss 3to15 £4Vde 
Operating Temperature TA 

C, D, F, H Device -55 to +125 °C 

E Device 40 to +85 OC 


BLOCK DIAGRAM 


CLOCK 


RESET 
PRESET 
ENABLE 


Jam ' 
Jom 2 
Jom 3 ORESE ENORE 
Jan, a 


yom 9 


SBF FEREO CL THL IS 
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SCL4018B 
ELECTRICAL CHARACTERISTICS 


STATIC CHARACTERISTICS ' 


Voo g,| conorions | Team ee Dt a 
PARAMETER CONDITIONS Units 
ee) P(e [oe 


QUIESCENT DEVICE 
CURRENT 


Vin=Vss or Vop 
All valid input 
combinations 


150 | wAdc 
300 
600 


NOTES: ! , Remaining Static Electrical Characteristics are listed under “40008 Series Family Specifications”. 
2 Trow = -55°C for C, D, F, H device. 
= -40° Cc for E device. 
THicny = +125° C for C, D, F, H device. 
=+ 85°C for E device. 


DYNAMIC CHARACTERISTICS (C, = 50pF, Ta = 25°C) 


Voo 


CLOCKED OPERATION 


PROPAGATION DELAY TIME 


OUTPUT TRANSITION TIME 


MINIMUM CLOCK PULSE WIDTH 


MAXIMUM CLOCK FREQUENCY the 


~cvTi  #@m | 
er -) 
e| <¢| § 
e| =| & 
Ji; #34 
x {| fz 
| ns a 


MAXIMUM CLOCK RISE AND FALL TIME! 


MIMIMUM DATA INPUT SETUP TIME 


MINIMUM DATA INPUT HOLD TIME 


PRESET OR RESET OPERATION 


PROPAGATION DELAY TIME teHe 
From PE or Reset Input 


MINIMUM PRESET OR RESET PULSE WIDTH 


MINIMUM JAM INPUT SETUP TIME 


PRESET OR RESET REMOVAL TIME 


oe be ©} -? andl 
f| 32 ce 5 
bs) I r 
GC 2 . Be 
v0 4 
= cr 


' When units are cascaded, the maximum rise and fall times of the clock input should be equal to or 
less than the transition times of the data outputs driving data inputs, plus the propagation delay of 
the output driving stage for the output capacitive load. 


Vos, DRAIN VOLTAGE (Vdc) 
-20 -18 -16 -14 -12 -10 -8 -6 


is 
“Fev tt 
EE tebe Jp Tne 


6 8 10 12 14 16 18 20 
Vis» DRAIN VOLTAGE (Vdc) 


lu. DRAIN CURRENT (mAdc) 


g 
2 
3 


Typical P-Channel Typical N-Channel 
Source Current Characteristics Sink Current Characteristics 
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SCL4018B 


LOGIC DIAGRAM 


preset '0 
ENABLE 


EXTERNAL CONTROL CONNECTIONS 


EXTERNAL CONNEC TIONS FOR DiviQet 
BY 1D YB 7h 5 4 4 VPERATION 


DIVIDE BY 10 

OIVIDE BY 8 CONNECTED PONG E TE era 
DIVIDE BY 6 HAt® Tr) COMPONE ty Ts, 
DIVIDE BY 4 

DIVIDE BY 2 OATA RE CUTE LD 


14 40818 
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SOLID NG 


STATE SCL4019B 
SCIENTIFIC 
CMOS QUAD AND-OR SELECT GATE 
FEATURES 
@ Replaces Three Simple Gate Packages CONNECTION DIAGRAM 
@ Medium Speed Operation (all packages) 
@ All Inputs Diode-Protected 
@ All Outputs Buffered Voo 44 Kp 04 Og Dg 04 


DESCRIPTION 


The 4019B is comprised of four ‘‘AND- 
OR Select’’ gate configurations, each consisting of 


two 2-input AND gates driving a single 2-input Bg Az B3 Az Bo Ay By Vss 
OR gate. Selection is accomplished by control 
bits Kg and Kp. In addition to selection of either 
channel A or channel B information, the control Add suffix for package: 
bits can be applied simultaneously to accomplish 16-pin Cerdip 
the logical A + B function. 16-pin Ceramic 
16-pin Epoxy 
16-pin Flat 
TRUTH TABLE Chip 


(one of four gates) 


| Ka} Kb] D | RECOMMENDED OPERATING CONDITIONS 
0 
A 
B 


For maximum reliability: 
DC Supply Voltage Vpp-Vss 3to15 Vdc 


Operating Temperature TA 
A+B C, D, F, H Device -55 to +125 OC 
E Device 40to +85 IC 


SCHEMATIC DIAGRAM 
(one of four gates) LOGIC DIAGRAM 
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SCL4019B 
ELECTRICAL CHARACTERISTICS 


STATIC CHARACTERISTICS | 


PARAMETER 


CURRENT 


All valid input 
combinations 


Vop 
(Vdc) 
QUIESCENT DEVICE a 


NOTES: ! Remaining Static Electrical Characteristics are listed under “4000B Series Family Specifications”. 
* TLow = -55°C for C, D, F, H device. 
= -40°C for E device. 
THiGH = +125°C for C, D, F, H device. 
= + 85°C for E device. 


DYNAMIC CHARACTERISTICS (C, = 50pF, Ta = 25°C) 


PARAMETER 


PROPAGATION DELAY TIME 
From Any Input 


OUTPUT TRANSITION TIME 


Vos, DRAIN VOLTAGE (Vdc) 
-20 -18 -16 -14 -12 -10 -8 


vy 
=< 
E 
— 
~— 
= 
vr 
4 
ce 
p— 
o 
Fi 
i=) 

2 


= 
2 
r -4 
ix) 
Se 
3 
m 
=z 
=f 
=~ 
> 
© 
— 


10 12 14 16 18 20 
Vos, DRAIN VOLTAGE (Vdc) 


Typical P-Channel Typical N-Channel 
Source Current Characteristics Sink Current Characteristics 


= _ LEFT (INPUT 


_— ee ee eae ee ee ~ ew mew ew em ew = @ ee 


LEFT RIGHT 
SELECT SELECT 


(K,) 
TRUE | 
SELECT 

’ 


_—_— = _——_— — meee ee ee ee oe 


* SCL4013B 


“Shift left/shift right” register. “True/complement” selector. 
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SOLID Ng 


STATE SCL4020B 
SCIENTIFIC 
CMOS 14-STAGE BINARY COUNTER 
FEATURES 
@ 14 Fully Static Stages CONNECTION DIAGRAM 
@ Buffered Outputs Available from 12 Stages (all packages) 
@ Common Reset Line 
@ 8MHz Counting Rate @ 10Vdc Vop 011010 08 a9 R CL Qi 
@ All Inputs Buffered 


DESCRIPTION 


The 4020B consists of 14 ripple-carry 
binary counter stages with appropriate input buf- 
fers and reset circuitry. Buffered outputs are ex- Q12 013.014 Q6 AS Q7 O4 Veg 
ternally available from stages 1, and 4 through 14. 
The counter is reset to its ‘all zeroes’’ state by a 


high level on the Reset input. The counter is ad- Add suffix for package: 
vanced one count on the negative-going transition 16-pin Cerdip 
of each input pulse. Isolation from external noise 16-pin Ceramic 
and the effects of loading is provided by output 16-pin Epoxy 
buffering. 16-pin Flat 
Applications include time delay circuits, Chip 


counter controls, and frequency-dividing circuits. 


RECOMMENDED OPERATING CONDITIONS 
For maximum reliability: 
DC Supply Voltage Vpp-Vss 3to15 Vde 
TRUTH TABLE Operating Temperature Tp 


C, D, F, H Device -55 10 +125 OC 
CLOCK RESET OUTPUT STATE E Device 40 to +85 0c 
ed a 
Ad t t 
eh, 2 


X = Don’t Care 


LOGIC DIAGRAM 


$ ? Q 


‘ (3) onan 16 oUi3) pti2s piv ge 
Pea 


FF THRU FFI2 
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SCL4020B 


ELECTRICAL CHARACTERISTICS 
STATIC CHARACTERISTICS ' 


PARAMETER CONDITIONS 


QUIESCENT DEVICE CURREN loo 5 iVin=Vss or Voo 
10 {All valid input 
15 |combinations 


Tic’ 
anf [iin [ii 


rg 150 in 
300 
600 


NOTES: ! , Remaining Static Electrical Characteristics are listed under “4000B Series Family Specifications”. 
2 Trow =-55°C for C, D, F, H device. 
= ~40° C for E device. 
Tricu = +125°C for C, D, F, H device. 
= + 85°C for E device. 


DYNAMIC CHARACTERISTICS (C, = 50pF, Ta = 25°C) 


PARAMETER (Ve) n. | Tye. | 


_CLOCKED OPERATION _ 


PROPAGATION DELAY TIME | 
Clock to Q1 


terH. tPHL 


Q,; to Q; +4 teLH. ten 


OUTPUT TRANSITION TIME , trotrat 


MINIMUM CLOCK PULSE WIDTH 


MAXIMUM CLOCK FREQUENCY fer 


MAXIMUM CLOCK RISE AND FALL TIME cache 


RESET OPERATION 
PROPAGATION DELAY TIME 


MINIMUM RESET PULSE WIDTH 


RESET REMOVAL TIME 


67. 


SCL4020B 


Vos, DRAIN VOLTAGE (Vdc) 
-20 -18 -16 -14 -12 -10 -6 -6 - 


= a ae 
PTT [Ms = 10 Veep TTT 
4 Aff tf 
2 _— Vix = 5 Vde = T, = 25°C 
6 8 10 12 14 16 18 
Vis, DRAIN VOLTAGE (Vdc) 


oe 
ua 
« 
E 
~ 
=z 
4 
ce 
= 
= 
oe 
= 
i] 


(3pyw) INSHYND NIVUO * 


Typical P-Channel Typical N-Channel 
Source Current Characteristics Sink Current Characteristics 


TIMING DIAGRAM 


8 16 32 G4 128 256 512 1024 2048 4096 8192 16,384 


1 2 4 
cock “LELILFLU LW UW U UU UO UO CO OL 
Hesut Be Sane ecco ee 

Oe cetera Ve Se ee a ee te i ae ie a, Tee ke 
Gi fect ee mr, a ee ory Wes a ee 
sa et ie, eel es Ot Ven ee ie Wie Ves Ne 
6a ee Se, a ete ee ee ee ee ee 
Bias ee ee ee 
i a ee es A Ne ee ee ee 
a a a es, es ee ys 
SG as na ee i A ee ee 
Gh a ee ee Ne es Ee 
a2 _ oy eee 
ee ee Se 

eee ste oe ee Ae 


TYPICAL COUNTER STAGE 
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SOLID <> 
STATE WA SCL4021B 
SCIENTIFIC 


CMOS 8-STAGE STATIC SHIFT REGISTER 


FEATURES 
@ Asynchronous Parallel Input/Serial Output CONNECTION DIAGRAM 
@ Synchronous Serial Input/Serial Output (all packages) 
@ Fully Static Operation - DC to 8MHz @ 10Vdc ber 
¢ a Outputs from Stages 6, 7, and 8 Available Vpp P!-7 PI-6 P!I-5 Q7 IN CL P/S 
DESCRIPTION 15 14 #13 #12 «M11 

The 4021B is an 8-Stage Parallel or Serial- 4021B 
Input/Serial-Output Shift Register having common 3 4 5 
Clock and Parallel/Serial Control inputs, a single 
Serial Data input, and individual parallel Jam inputs ee ca Slee Bie fle NSS 
to each register stage. Each register stage is a D-type, Add suffix for package: 
master-slave flip-flop. “Q” outputs are available C 16-pin Cerdip F 16-pin Flat 
from the sixth, seventh, and eighth stages. When D 16-pin Ceramic H Chip 


the Parallel/Serial Control input is low, data is E 16-pin Epoxy 

serially shifted into the 8-stage register synchro- 

nously with the positive-going transition of the 

Clock pulse. RECOMMENDED OPERATING CONDITIONS 
When the Parallel/Serial Control input is “high” For maximum reliability: 

data is jammed into the 8-stage register via the 

Parallel input line asynchronously with the Clock 


DC Supply Voltage Vpp-Vss 3to15 Vdc 


line. Operating Temperature TA 
Register expansion is possible using additional C, D, F, H Device -55 to +125 OC 
4021B packages. E Device -40to +85 OC 
TRUTH TABLE 
SERIAL eee PARALLEL OPERATION: 


Q7 as 
aS eal t=n+7 |t=nt+8 


: HE 3 . 
n+1 OQ @] ? 
n+2 0 1 ‘@] 
n+3 O O 1 

| | Te | x fo [ 26 | a7 | as | 


LOGIC DIAGRAM 


*Q6, Q7, & Q8 are available externally 
X = Don't Care 


da. 


(@) 


PARALLEL 
) 
SERIAL OC - 


CONTROL La ie Leo 
Nag i i= a . he i” m6 el a8 
semar (tl) 
inPuT 
Ss 
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SCL4021B 
ELECTRICAL CHARACTERISTICS 


STATIC CHARACTERISTICS ' 


V 
PARAMETER DO | CONDITIONS Units 
| PARAMETER (Vde) Pan si rep om i 
puAdc 


QUIESCENT DEVICE 
CURRENT 0.05 150 
. 10 300 
20 600 


NOTES: ! , Remaining Static Electrical Characteristics are listed under “4000B Series Family Specifications”. 
2 Trow = -55°C for C, D, F, H device. 
= -40° Cc for E device. 
THIGH = +125" C for C, D, F, H device. 
=+ 85°C for E device. 


Vin = Vss or Vop 
All valid input 
combinations 


DYNAMIC CHARACTERISTICS (C, = 50 pF, Ty = 25°C) 
PARAMETER 


PROPAGATION DELAY TIME fea tei. 
From Clock or P/S Input 
OUTPUT TRANSITION TIME 


(Vdc) 


ee 
HS on o 
0 


MINIMUM CLOCK PULSE WIDTH PWe 
90 180 ns 
25 50 
MAXIMUM CLOCK FREQUENCY 
12 - 
16 = 
MAXIMUM CLOCK RISE & FALL TIME! heehee rE 
15 —- Us 
15 . 
15 7 
MINIMUM P/S PULSE WIDTH PW 
Z 80 160 ns 
= 40 80 
= 25 50 
MINIMUM SETUP TIME al 
5 - 60 120 ns 
Parallel or Serial Inputs 10 - 40 80 
15 2 30 60 


140 280 ns 


MINIMUM HOLD TIME thoig 
100 200 ns 
Parallel or Serial Inputs 30 60 
20 40 
P/S REMOVAL TIME 
5 
10 
15 


' When units are cascaded, the maximum rise and fall times of the clock input should be equal to or 
less than the transition times of the data outputs driving data inputs, plus the propagation delay of 
the output driving stage for the output capacitive load. 
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SCL4021B 


Vos, DRAIN VOLTAGE (Vdc) 
-20 -18 -16 -14 -12 -10 -8 -6 


eo 
ww 
4 
£ 
= 
= 
bid 
4 
[+ 4 
= 
(x) 
= 
—) 


(ospyw) INJHND NivuO “) 


10 12 14 16 18 26 
Vis, DRAIN VOLTAGE (Vdc) 


Typical P-Channel Typical N-Channel 
Source Current Characteristics Sink Current Characteristics 


TYPICAL REGISTER STAGE 


71 


SOLID NG 
STATE SCL4022B 
SCIENTIFIC 


CMOS OCTAL COUNTER/DIVIDER 


FEATURES 

¢ Eight Decoded Outputs CONNECTION DIAGRAM 

@ Direct Reset (all packages) 

® Trigger from either Edge of Clock Input 

@ Carry Output for Cascading Stages VoD R CE CouT "4" "7" N.C. 
@ Fully Static Operation - DC to SMHz @ 10Vdc 


DESCRIPTION 
. The 4022B consists of a 4-stage Johnson mye gH HQ” 45" "EB" NLC. "3" Veg 

Divide-by-8 Counter and an Output Decoder. Inputs 
include Clock, Reset, and Clock Enable signals. 

The counter has interchangeable Clock and Add suffix for package: 
Clock Enable lines for incrementing on either a 16-pin Cerdip 
positive-going or negative-going transition, respec- 16-pin Ceramic 
tively. A high Reset signal clears the counter to its 16-pin Epoxy 
zero count. 16-pin Flat 


Use of the Johnson divide-by-eight counter con- Chip 
figuration permits high-speed operation, 2-input 
decode gating, and spike-free decoded outputs. 
Anti-lock gating is provided, thus assuring proper 
counting sequence. The 8 decoded outputs are RECOMMENDED OPERATING CONDITIONS 
normally low and go high only at their respective 
decoded time slot. Each decoded output remains 
high for one full clock cycle. A Carry-out (Court) 


For maximum reliability: 
DC Supply Voltage Vpp-Vss 3to15 Vde 


signal completes one cycle every 8 clock input Operating Temperature Ta 
cycles and is used to directly clock the succeeding C, D, F, H Device -55 to +125 OC 
counter in multi-stage applications. E Device 40 to +85 OC 


This part can be used in frequency division 
circuits as well as octal counter or octal decode 
display applications. 


BLOCK DIAGRAM 


FUNCTIONAL TRUTH TABLE 
(Positive Logic) 


Clock 
Enable 


; 
Q 

» 4 
Be 
ae 
x 


X Don’t Care n<.4 Carry = 1, otherwise = 0 


Clock 14 © 


Clock 


Enable 3 


v Oo WW a&aWwWN = O 


Reset 15 O 


Vop ~ Pin 16 
Vss = Pin8 
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SCL4022B 
ELECTRICAL CHARACTERISTICS 


STATIC CHARACTERISTICS ' 


Voo 
PARAMETER (Vde} 


QUIESCENT DEVICE 
CURRENT 


NOTES: ' Remaining Static Electrical Characteristics are listed under “AQOOB Series Family Specifications”. 
2 TLow =-55°C for C, D, F, H device. 
= -40°C for E device. 
THicu = +125°C for C, D, F, H device. 
=+ 85°C for E device. 


Vin = Vss oF Voo 
All valid input 
combinations 


73 


SCL4022B 


ELECTRICAL CHARACTERISTICS (Continued) 


DYNAMIC CHARACTERISTICS (C, = 50pF, T, = 25°C) 


Vop 
———_—_— 


CLOCKED OPERATION 
PROPAGATION DELAY TIME 


teLH, tere <) = ns 


To Decoded Outputs 


teLH. teHL 


To Carry Output 


OUTPUT TRANSITION TIME 


trou. tHe 9 = ns 
Decoded Outputs 10 | — 
| LD! _ 
tTLH. tral 5 = -N's | 
Carry Output 10 — | 
15 | —_ 
MINIMUM CLOCK PULSE WIDTH PWe.r 7 


ns 


MAXIMUM CLOCK FREQUENCY fer 
MHz 
MAXIMUM CLOCK OR ENABLE treL, ter 
RISE AND FALL TIME Us 


MINIMUM ENABLE SETUP TIME 
ns 


MINIMUM ENABLE REMOVAL TIME 
ns 


RESET OPERATION 
PROPAGATION DELAY TIME 


To Decoded Outputs 


To Carry Output 


MINIMUM RESET PULSE WIDTH 


RESET REMOVAL TIME trem 
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SCL4022B 


AC MEASUREMENT DEFINITION AND FUNCTIONAL WAVEFORMS 


eS em  legstur ZO ns aden 3Osa 


'PLH | be we Prat 'TLH -o —— ITHL 


'THHTHEL 
4 ee ni as 7 | 


tpore + ~~ 


|f ix 
“5° 


| ee eee 
Pi Bata alas 'THL = TITHE 


tein - on me —- = CPHL 


— glen 


—— =a wl po 


| rs 
“ze | a 


TPrie —_—e —_—- 


LOGIC DIAGRAM 


ENABLE 


MASTER 


REGISTER CELL 


SCL4022B 
APPLICATIONS INFORMATION 


COUNTER EXPANSION 


This figure shows a technique for extending the number of decoded Output states 
for the 4022 B. Decoded outputs are sequential within each stage and from stage 
to stage, with no dead time (except propagation delay). 


7? Decoded 
Outputs 


First Stage 


6 Decoded 
6 Decoded Outputs 


Outputs 


Intermediate Stages Last Stage 


DIVIDE-BY-N-COUNTER 


When the Nth decoded output is reached (Nth 
clock pulse) the S-R flip-flop (constructed from the 
4001B) generates a reset pulse which clears the 
4022B to its zero count. At this time, if the 
Nth decoded output is greater than or equal to 4, 
the CouT line goes high to clock the next counter 
section. The “0” decoded output also goes high at 
this time. Coincidence of the clock “low” and de- 


coded “0” output “high” resets the S-R flip-flop to 
enable the 40228. 

If the Nth decoded output is less than 4, the 
Court line will not go high, and, therefore, cannot 
be used. In this case, the “0” decoded output may 
be used to perform the clock function for the next 
counter. 


Cout 
FORN2S>5 
f=CLOCK—=-N 


ALTERNATE Court 


FORN=2TO8 
f= CLOCK +N 
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SOLID G 


STATE SCL4024B 
SCIENTIFIC 

CMOS 7-STAGE BINARY COUNTER 
FEATURES 
@ 7 Fully Static Stages CONNECTION DIAGRAM 
@ Buffered Outputs Available from All Stages (all packages) 


@ Common Reset Line 
@ 8 MHz Counting Rate @ 10Vdec 
@ All Inputs Buffered Vpop NC QQ, Qg NC Q3 NC 


DESCRIPTION 


The 4024B is a single chip monolithic me- 
dium scale integrated circuit containing N-Channel 
and P-Channel enhancement-mode MOS transistors. 
Seven single-phase clocked counting stages are 
provided with the Q output of each stage access- 
ible. The Counter is reset to “zero” by a high level 
on the Reset input. Each counter stage is a static 
master-slave flip-flop. The counter state is advanced 
one count on the negative-going transition of each 
input pulse. 


TRUTH TABLE 


RECOMMENDED OPERATING CONDITIONS 


No Change 


| Clock {| Reset___ 

O ] 

8) 1 All Outputs Low For maximum reliability: 

1 O No Change : 

, ' RilrOuceuts Cow DC Supply Voltage Vpop-Vss 3t0 15 Vdc 
nal a) No Change Operating Temperature Ta 
—f 1 All Outputs Low C, D, F, H Device -§5 to +125 °C 
ae, O Advance One Count E Device 40to0 +85 °C 
= ee 1 


All Outputs Low 


LOGIC DIAGRAM 


o ¥, T, 
R R R 


PIN 14 Vpp 
PIN 7 Vss 
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SCL4024B 
ELECTRICAL CHARACTERISTICS 


STATIC CHARACTERISTICS ' 


+25°C 
PARAMETE HIGH 
vee) | Max. | 
50 


QUIESCENT DEVICE 
CURRENT 1 
300 
600 


NOTES: ' Remaining Static Electrical Characteristics are listed under "40008 Series Family Specifications”. 
2 TLow =-55°C for C, D, F, H device. 
= -40°C for E device. 
Tuicu = +125°C for C, D, F, H device. 
= + 85°C for E device. 


Vin = Vss or Vop 
All valid input 
combinations 


DYNAMIC CHARACTERISTICS (C, = 50 pF, T, = 25°C) 


CLOCKED OPERATION 
PROPAGATION DELAY TIME 
Clock to Q, teLH. teHe 180 360 
t 80 160 
65 130 
tern, tepHe iG on 
30 60 
tron, trHe 16 
200 ns 
50 100 
40 80 
PWer 
120 240 
60 120 
45 90 
fer 
4 
10 
12 
-_ roAake 
us 


Q;toQ;,, 


OUTPUT TRANSITION TIME 


MINIMUM CLOCK PULSE WIDTH 


MAXIMUM CLOCK FREQUENCY 


MAXIMUM CLOCK RISE AND FALL TIME 


RESET OPERATION 
PROPAGATION DELAY TIME 


MINIMUM RESET PULSE WIDTH 


200 400 
100 200 
80 160 


RESET REMOVAL TIME 
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SCL4024B 


Vos, ORAIN VOLTAGE (Vde) 
-20 -18 -16 -14 -12 -10 -8 -6 


Fiend 
2 
— 
— 
= 
bed 
c& 
e 
—] 
(x) 
F| 
r— 
2 


(spyw) INaJUUND NIVUO “Yh 


Vos, DRAIN VOLTAGE (Vdc) 


Typical P-Channel Typical N-Channel 
Source Current Characteristics Sink Current Characteristics 


TYPICAL COUNTER STAGE 


RESET 


RESET 
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SOLID <> 
STATE SB 
SCIENTIFIC 


FEATURES 

® Decade Counter and 7-Segment Decoder in One 
Package 

@ Easily Interfaced with 7-Segment Display Types 

@ Direct Reset 

# Display Enable Function (4026AB) 

@ Ripple Blanking and Lamp Test Functions 
(4033AB) 

® Trigger from either Edge of Clock Input 

® Carry Output for Cascading Stages 

@ Fully Static Operation - DC to SMHz @ 10Vdc 


DESCRIPTION 


These two devices each consist of a 5-stage 
Johnson Decade Counter and an Output Decoder 
which converts the Johnson code to a 7-segment 
decoded output for driving each stage in a numer- 
ical display. A high Reset signal clears the decade 
counter to its zero count. The counters have inter- 
changeable Clock and Clock Enable lines for incre- 
menting on either a positive-going or negative-going 
transition, respectively. Antilock gating is provided 
on the Johnson counter, thus assuring proper 
counting sequence. The Carry-Out (Coyrt) signal 
completes one cycle every ten clock input cycles 
and is used to directly clock the succeeding decade 
in a multi-decade counting chain. 


4026AB 


When the Display Enable is low, the seven de- 
coded outputs are forced off regardless of the state 
of the counter. Activation of the display only when 
required results in significant power savings. This 
system also facilitates implementation of display- 
character multiplexing. 

The Carry Out and ungated “C-segment” signals 
are not gated by the Display Enable and therefore 
are available continuously. This feature is a require- 
ment in implementation of certain divider functions 
such as divide-by-60 and divide-by-12. 


4033AB 


The 4033AB has provisions for automatic 
blanking of the non-significant zeros in a multi- 
digit decimal number which results in an easily 
readable display consistent with normal writing 
practice. For example, the number 0050.0700 in 
an eight digit display would be displayed as 50.07. 
Zero suppression on the integer side is obtained by 
connecting the RBI terminal of the 4033AB 
associated with the most significant digit in the dis- 
play to a “low-level” voltage and connecting the 
RBO terminal of that stage to the RBI terminal of 
the 4033AB in the next-lower-significant posi- 
tion in the display. This procedure is continued for 
each succeeding 4033AB on the integer side of 
the display. On the fraction side of the display the 
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SCL4026AB 
SCL4033AB 


CMOS DECADE 7-SEGMENT DECODERS 


CONNECTION DIAGRAM 
(all packages) 


UNG cl 
Vpp R LT’ c 


11 10 
4033AB 


Cout f 


DEout! 
RBO2 


1 4026AB 
24033AB 


Add suffix for package: 


16-pin Cerdip 
16-pin Ceramic 
16-pin Epoxy 
16-pin Flat 
Chip 


RECOMMENDED OPERATING CONDITIONS 


For maximum reliability: 


DC Supply Voltage Vpp-Vss 3to15 Vde 


Operating Temperature TA 
C, D, F, H Device 
E Device 


-+55 to +125 OC 
40 to +85 OC 


RBI of the 4033AB associated with the least 
significant digit is connected to a “low-level” volt- 
age and the RBO of the 4033AB is connected to 
the RBI terminal of the 4033AB in the next- 
more-significant-digit position. Again, this proce- 
dure is continued for each 40334B on the 
fraction side of the display. 

In a purely fractional number the zero immedi- 
ately preceding the decimal point can be displayed 
by connecting the RBI of that stage to a high volt- 
age (instead of to the RBO of the next-more- 
Significant stage). For Example: optional zero - 
0.7346. 

Likewise, the zero in a number such as 763.0 
can be displayed by connecting the RBI of the 
4033AB associated with it to a “high-level” 
voltage. 


A “high” Lamp Test signal turns on all Outputs. 


SCL4026AB, SCL4033AB 


LOGIC DIAGRAM | TIMING DIAGRAM 


on sees ieee 


See ee ee oe ee er - 


402GAB Decade Counter/7-Segment Decoder with Display Enable 


LOGIC DIAGRAM TIMING DIAGRAM 


ERIE 


4033AB Decade Counter/7-Segment Decoder with Ripple Blanking 
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SCL4026AB, SCL4033A8 


ELECTRICAL CHARACTERISTICS 
STATIC CHARACTERISTICS ' 


Vv T +25 C T 
PARAMETER DD | CONDITIONS ee a tate | uni 
i, ae ni [i 


150 | pAdc 
1 ; 300 
20 600 


QUIESCENT DEVICE 
CURRENT 


Vin=Vss Or Vop 
All valid input 
combinations 
OUTPUT HIGH (SOURCE) 
CURRENT 


Decoded outputs Von =4.6V -0.10 
Von =9.5V -0.21 
Vou =13.5V ~0.7 
Vin=Vss or or Voo 

Carry output Von=4.6V_ 6V -0.11 
Vou =9. 5V -0.25 
Von=13.5V -0.88 
Vin=Vss of Voo 

Remaining Outputs -0.056 

-0.14 
-0.42 
OUTPUT LOW (SINK) 
CURRENT 
lou 

All Outputs Except Carry =0. 0.07 mAdc 
Vo_70.5V 0.175 
Vor=1.5V 0.81 
Vin=Vss or Vop 

Carry output 5 1Vo.=0.4V ~ 0.11 — |mAdc 

10 1Vo,=0.5V 
15 [Vo _=1.5V 


~ | 025| — 
-~ | ose} — | 


NOTES: ' , Remaining Static Electrical Characteristics are listed under “ 4000B Series Family Specifications”. 
2 TLow = -55° C for C, D, F, H device. 
= -40° C for E device. 
THIGH = +125° C for C, 0, F, H device. 
=+ 85°C for E device. 


Vin=Vss of Vop 
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SCL4026AB, SCL4033AB 


ELECTRICAL CHARACTERISTICS (Continued) 
DYNAMIC CHARACTERISTICS (C, = 50pF, Ta = 25°C) 


CLOCKED OPERATION 


Deena nee eae 


PROPAGATION DELAY TIME 
Clock to Decoded Outputs tecH. teHe 


Clock to Carry Out tecH. teHL 


OUTPUT TRANSITION TIME 
Decoded Outputs tron. trHL 


Carry Output tTHL 


5) ne 

- 
#| ¢ 
r - 


MINIMUM CLOCK OR ENABLE PULSE 
WIDTH PWce 


MAXIMUM CLOCK FREQUENCY for 


MAXIMUM CLOCK OR ENABLE RISE AND 
FALL TIME 


teL 


~~ 
< 
‘@)] 
a 


MINIMUM CLOCK OR ENABLE SETUP 
TIME 


5 250 500 ns 
10 Z. 100 200 
15 

250 500 

200 400 


500 1000 ns 


200 400 
100 200 
80 160 


RESET OPERATION 


PROPAGATION DELAY TIME 
Reset to Decoded Outputs 


teHL 


Reset to Carry Output teHL 


-? 
vu 
cr 
 « 


cng - 
3 g 
5 


MINIMUM RESET PULSE WIDTH 


RESET REMOVAL TIME 


=_ = () 
N Oo1sJ 
oo ol 
NOWws 
aooqo 
ooo 


SCL4026AB, SCL4033AB 


DISPLAY INTERFACE 


LIGHT EMITTING DIODE DISPLAYS 


MONSANTO MAN 3 
OR_ EQUIVALENT 
(LOW POWER) 


| 
| 
| 
1 
od 


Vop 23.5Vv 

Ig @ 5 mA/ SEGMENT 

100% DUTY CYCLE 
Re Vp- Vag -Ve (LEO) 


Voo25V (mtn) 
Ig 2 0.4 mA 
Ig 2 '2 ma/Seqg. (100 ROUTY CYCLE) 
Adc (MIND 230 
Vee (SAT) 5 0.5 V 
Re Voo-Yce (eet) "Vp (LEO? 


me me ee ee ee wee ff ee ee? 
eee ee eee eee 


LED = WHERE Vp INPUT PULSE 
Vg * FORWARD DROP 
ACROSS DIODE 


WHERE Ves FORWARD DROP ACROSS DIODE 


LOW-POWER 
INCANDESCENT READOUTS 


ASSUMED 
TRANSISTOR 


INCANDESCENT 
READOUTS 


ASSUMED 
TRANSISTOR 


CHARACTERISTICS 

Bdc (min.)2 30 

Vee(sat.)< 0.50V 
8VDp > 3.5 V (min.) 

Ig 2 0.25 mA (min.) 

IT < 7.5 mA (min:) 


CHARACTERISTICS 


Bde (min.) 2 25 
Vege (sat.) $ 0.50V 


2Vpop s 8 Vv (min.) 


Ig = 1.0mA (min.) 
Ip = 24mA (min.) 


? SEGRENTS 


4049UB 
@Vpp = 10V (min.) 
V,"0" < 0.6V 
Ip = 8 mA (min.) 
@Vop = 6¥ (min.) 
V,"0" < 1.0V 
Iz = SmA (min.) 
Vyzl1.5V TO3.5 V 


4049UB 
8Vop = 10V (min.) 
V,‘"‘O" < 2Vv 
I¢ = 20mA (min.) 
Vrz3.5V TO6V 


1/6 4049UB 


NEON READOUTS LOW-VOLTAGE VACUUM FLUORESCENT READOUTS 

WITH Voy 28 V MEDIUM BRIGHTNESS 

IN LOW AMBIENT LIGHT BACKGROUND 
WILL RESULT. THE POINT OF NO 

NOTICEBLE GLOW IS Voge @ 4.5V 


V7 = 170¥ OC Voo 


ENABLE 
O 


7 SEGRENTS } c 


TRANSISTOR CHARACTERISTICS 
Leakage with transistor cutoff < 0.05mA 
ViBR)CER -** > VT 

Bactain) 2 30 


TUBE REQUIREMENTS: 100 to 300. A/seg- 
ment at tube voltages of 12V to 25V depending 
on required brightness. Filament requirement 
45 mA at 1.6 V, AC or DC. 
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SOLID <> 
STATE Ng 
SCIENTIFIC 


SCL4027B 


FEATURES 


@ Individual Set and Reset Controls 
@ Fully Static Operation 

@ Logic Edge-Clocked Design 

@ 8SMHz Toggle Rate @ 10Vdc 


DESCRIPTION 


The 4027B consists of two identical inde- 
pendent CMOS J-K master-slave Flip-Flops. The 
4027B is useful in performing control, register, 
and toggle functions. Logic levels present at the J 
and K inputs along with internal self-steering con- 
trol the state of each flip-flop; changes in the flip- 
flop state are synchronous with the positive-going 
transition of the Clock pulse. Set and Reset func- 
tions are independent of the Clock and are initiated 
when a high level signal is present at either the Set 
or Reset input. 


CMOS DUAL J-K FLIP-FLOP 


CONNECTION DIAGRAM 
(all packages) 


CLy Ry 


QO} 


Vop Q1 Ky 44 


Qa Qg Clo Ra Ko Jog S2 Vss 


Add suffix for package: 
16-pin Cerdip F  16-pin Flat 
16-pin Ceramic H Chip 
16-pin Epoxy 


C 
D 
E 


RECOMMENDED OPERATING CONDITIONS 


For maximum reliability: 


DC Supply Voltage 3to15 Vdc 


Operating Temperature 
C, D, F, H Device 
E Device 


Vpp- Vss 


Ta 
55 to +125 OC 
-40t0 +85 °C 


TRUTH TABLE 


eva] [| ei rani 
WARNE 7 ie 
_/ |x}o| as 
WAKES i aes 
WAI cs 
x |x| 
EI 


Lx [x |x 
| x |x| x 
EWES 


(No Change) 


X 


LOGIC DIAGRAM (one of two Flip-Flops) 


WHERE 1 = HIGH LEVEL 
0 = LOW LEVEL 


A. LEVEL CHANGE 
X - DON’T CARE 


@-th.) REFERS TO THE INTERVAL 
PRIOR TO THE POSITIVE CLOCK 
PULSE TRANSITION 

- th REFERS TO THE TIME INTER- 
VAL AFTER THE POSITIVE 
CLOCK PULSE TRANSITION 


BLOCK DIAGRAM 
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SCL4027B 


ELECTRICAL CHARACTERISTICS 
STATIC CHARACTERISTICS ' 


PARAMETER 


QUIESCENT DEVICE lee 
CURRENT 


Voo | conpiTioNs 
sleet | Min. | Max.| Min. | Typ. | Max. | Min. | Max._ 


5 |Vin=Vss or Vop 0.005 | 1.0 - 
10 |All valid input 0.01 2.0 - 
15 Jcombinations =| 4.0 1-10.02; 40] - 


NOTES: ' Remaining Static Electrical Characteristics are listed under “4000B Series Family Specifications”. 
? TLow = -55°C for C, D, F, H device. 
= -40°C for E device. 
THicH = +125°C for C. D, F, H device. 
= + 85°C for E device. 


DYNAMIC CHARACTERISTICS (C, = 50pF, Ta = 25°C) 


_CLOCKED OPERATION 


Be ene eee eee eee IN ae eal. eons 
PROPAGATION DELAY TIME lta tony ae 150 | 300 | ons | 
10 - | 65 130 | | 
ae Neg ae Gamba oa Be eM eet Some ICR. ue, Oe ty AOD: [edie 
OUTPUT TRANSITION TIME ae 5 | - + 100 200 ns! 
10 - | 50 100 | 
a lia pt kan en I oer, AOL ese ay 
MINIMUM CLOCK PULSE WIDTH PWe 5 | = 165 ; 330 | ns | 
10 - | 60 ! 120 | 
eae emer ee Ee rere alee) Ser A Oe ee Pee eee, ee 4 
MAXIMUM CLOCK FREQUENCY 1 16 + 3.0 | - | MHz | 
4.0 80 | - | 
ee ee ec ae ee ae eee Se 
MAXIMUM CLOCK RISE AND FALL TIME! 15 Sia oe ae 
5 | a = 
Bei ea tece eh Se eae a 3. eowsue! Ee gates Ee 
MINIMUM SETUP TIME = | 100 | 200 | os | 
- | 60 : 100 | 
eile ees er ee ee ED Wie i) tie ean Geer com Oe a, | Os ee 
MINIMUM HOLD TIME Ts | 0 ns 
- | -10 | 0 
ous ay ee eee ee 


_SET AND RESET OPERATION — | 
PROPAGATION DELAY TIME 
Sto Q,R toQ 


== a nn penn 


ren oe nee ee we ee ee ee, 


MINIMUM SET AND RESET PULSE WIDTH 


ee ee 5... 


SET AND RESET REMOVAL TIME 


" When units are cascaded, the maximum rise and fall times of the clock input should be equal to or 
less than the transition times of the data outputs driving data inputs, plus the propagation delay of 
the output driving stage for the output capacitive load. 


Vog, DRAIN VOLTAGE (Vde) 
-20 -18 -16 -14 -12 -10 -8 -6 


g 
e 
rd 
& 
3 
= 

2 


: 
5 
5 


10 12 14 16 18 20 
Vos, DRAIN VOLTAGE (Vde) 


Typical P-Channel Typical N-Channel 
Source Current Characteristics Sink Current Characteristics 
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SOLID @> 
STATE Se 
SCIENTIFIC 


FEATURES 


@ BCD-to-Decimal or Binary-to-Octal Decoding 
@ Buffered Outputs go High on Selection 
@ Low Outputs for all IMlegal Input Combinations 


DESCRIPTION 


The 4028B types are BCD-to-Decimal or 
Binary-to-Octal Decoders consisting of pulse shap- 
ing circuits on all 4 inputs, decoding/logic gates, 
and 10 output buffers. A BCD code applied to the 
four inputs, A to D, results in a high level at the 
selected one of 10 decimal decoded outputs. 
Similarly, a 3-bit binary code applied to inputs A 
through C is decoded in octal code at output 0 to 7. 
A high-level signal at the D input inhibits octal de- 
coding and causes outputs 0 through 7 to go low. 
If unused, the D input must be connected to Vgc. 

Expanded decoding such as binary-to-hexadeci- 
mal ( 1-of-16), etc., can be achieved by using other 
40288 devices. This part is useful for code 
conversion, address decoding, memory selection 
control, demultiplexing, and readout decoding. 


TRUTH TABLE 


© 
Q 


=“O-0/20-0/2-020/20=O0lp 


© 
io] 


coooiooo0ooiooo0-|co000/|a& 


siaairt ot ia wr mer mIiOQOodnoncdiqodeddsd 
saor_awrmiOodcd|-—9 ~~ = oo0do 
ooooio~o-H-o0oioo0o0iooco 
qooooiooo0oHiqo0o00io0ooe0o0°o 
ooooiooooioooo!|-ao0co;Ww 
ooootiooo0o0oiv«e~oooq0;|;o-0o0| 
ooootfoaooo0o0oio°oo0oio°0-0/— 


SCL4028B 


CMOS BCD-TO-DECIMAL DECODER 


CONNECTION DIAGRAM 
(ali packages) 


Add suffix for package: 


16-pin Cerdip 
16-pin Ceramic 
16-pin Epoxy 
16-pin Flat 
Chip 


RECOMMENDED OPERATING CONDITIONS 
For maximum reliability: 
DC Supply Voltage Vpp-Vss 


Operating Temperature TA 
C, D, F, H Device 
E Device 


3to15 Vdc 


-55 to +125 °C 
40to+85 OC 


BLOCK DIAGRAM 


3-Bit 
Binary 
8421 inputs 
eco 
Inputs 


Octal 

Decoded | Oecima! 

Outputs Decoded 
Outputs 


SS2YRARON AG 


Vop 2 Pin 16 
Vss = Pins 
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SCL4028B 
ELECTRICAL CHARACTERISTICS 


STATIC CHARACTERISTICS ' 


PARAMETER Voo | CONDITIONS 
(Vde) 
QUIESCENT DEVICE 
CURRENT 


NOTES: | Remaining Static Electrical Characteristics are listed under “4000B Series Family Specifications”. 
? TLow = -55°C for C, D, F, H device. 
= -40°C for E device. 
THicu = +125°C for C, D, F, H device. 
=+ 85°C for E device. 


Vin=Vgs or Voo 
All valid input 
combinations 


DYNAMIC CHARACTERISTICS (C, = 50pF, T, = 25°C) 


Voo 
5 —< 
10 


PROPAGATION DELAY TIME tecatene 


= 60 120 


——$$_—_—_—— 


OUTPUT TRANSITION TIME tron. GrHE 


Vos) ORAIN VOLTAGE (Vdc) 
-20 -18 -16 -14 -12 


I, DRAIN CURRENT (mAdc) 


(2pyw) LN3HUND NIVUO *°) 


6 8 10 12 14 16 18 20 
Vos, DRAIN VOLTAGE (Vdc) 


Typical P-Channel Typical N-Channel 
Source Current Characteristics Sink Current Characteristics 


LOGIC DIAGRAM 


| ene ll 


| 


YVVVVYVVVV YY 


> 

> 

> 

> 
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> 
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SCL4028B 


APPLICATIONS INFORMATION 


CODE CONVERSION CIRCUIT 


The circuit shown here converts any 4-bit code to a decimal or hexadecimal code. 
The table shows a number of codes and the decimal or hexadecimal number in these 
codes which must be applied to the input terminals of the 4028B to select a 
particular output. For example: in order to get a “high” on output No. 8 the input 
must be either an 8 expressed in 4-Bit Binary code, a 15 expressed in 4-Bit Gray code, 
or a 5 expressed in Excess-3 code. 


INPUTS 


1/6 4069UB __ OUTPUT NUMBER 


40288 
01234586789 0123456789 


012348567 89 10 12 13 14 15 
16 OUTPUTS 


DOU DH) §woo0 stotetete[efeteletotet or oper op + 
Code Conversion Chart 


6-BIT BINARY TO 1-OF-64 ADDRESS DECODER 


INPUTS 


INHIBIT 
(NO SELECTION) 


agpc oO 
40288 40288 40288. 


0-------9 


* 1/6 4069UB 64 OUTPUTSISELECTED OUTPUT IS HIGH) 
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ae NG SCL4029B 


STATE 
SCIENTIFIC 


CMOS PRESETTABLE UP/DOWN COUNTER 


FEATURES 


Binary or Decade Up/Down Counting CONNECTION DIAGRAM 
BCD Outputs in Decade Mode (all packages) 
Asynchronous Preset Enable 
Internally Synchronous for High Speed Vpp CL Q3 J3 J2 Qg Y/D B/D 
Logic Edge-Clocked Design 

6MHz Counting Rate @ 10Vdc 
Carry Output for Cascading Stages 


Se i a a a 


DESCRIPTION 


The 4029B consists of a- four-stage Binary 
or BCD Decade Up/Down Counter with provisions 
for look-ahead carry in both counting modes. The 
inputs consist of a single Clock, Carry-in (Clock RECOMMENDED OPERATING CONDITIONS 
Enable), Binary/Decade, Up/Down, Preset Enable, 
and four individual Jam signals. Four separate 


For maximum reliability: 


buffered Q signals and a Carry-out signal are OC Supply Voltage Vpp-Vss 3to15 Vdc 
provided as outputs. Operating Temperature Tap 

A high Preset Enable signal allows information C, D, F, H Device 55 to +125 °C 
on the Jam inputs to preset the counter to any E Device 40to +85 °C 


state asynchronously with the Clock. A low on each 

Jam line, when the Preset/Enable signal is high, 

resets the counter to its zero count. The counter is 

advanced one count at the positive transition of the 

Clock when the Carry-in and Preset Enable signals TRUTH TABLE 
are low. Advancement is inhibited when the Carry- 
in or Preset Enable signals are high. The Carry-out 
signal is normally high and goes low when the 
counter reaches its maximum count in the Up mode 
or the minimum count in the Down mode provided Count te lhery) 
the Carry-in signal is low. The Carry-in signal in the Count Down (Bese 
low state can thus be considered a “Clock Enable”. Count Down (Binary) 
The Carry-in terminal must be connected to Vss Preset 

when not in use. X = Don't Care 

Binary counting is accomplished when the 
Binary/Decade input is high; the counter counts in 
the Decade mode when the Binary/Decade input is BLOCK DIAGRAM 
low. The counter counts up when the Up/Down 
input is high, and Down when the Up/Down input 
is low. Multiple packages can be connected in either 
a parallel-clocking or a ripple-clocking arrangement. 
Parallel-clocking provides synchronous control and 
hence faster response from all counting outputs. 
Ripple-clocking allows for longer clock input rise 
and fall times. 

This counter finds primary use in up/down and 
difference counting and programmable frequency 
synthesizer applications. It is also useful in A/D 
and D/A conversion techniques and for magnitude 
and sign generation. 


No Count 
Count Up (Decade) 


90 


SCL4029B 


- Je wf]. - -Jof—-— «Je —fef- -— = =]- o]- =]- et rI- 7 


~~ wee ~ fe fe | — f= —l-f- - = 


a wf efaofom —- fof eae — —f~- -J—-l- - - 


ow -Jefe of — — aefe-f— - -fef—- - -f- — 


LOGIC DIAGRAM 


TIMING DIAGRAMS 
Binary Mode 


ee eS ee Oe ey al 


a 
° 
° 
~ 
n 


@ 


° 


(CL ENABLE) 


ve /0OWN 
GNARY/ 


Croce (Cu) 
CARRY In 
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SCL4029B 


ELECTRICAL CHARACTERISTICS 


STATIC CHARACTERISTICS ' 
2 ° 2 
PARAMETER CONDITIONS 
(Vde) | conprrions | ee 
Vin=Vss or Voo 


0.05 5 150 
All valid input 0.1 10 300 
0.2 20 600 


combinations 
NOTES: ' Remaining Static Characteristics are listed under “4000B Series Family Specifications” 
2 TLow =-55°C for C, D, F, H device. 
= -40°C for E device. 
THicn = +125°C for C, D, F, H device. 
= + 85°C for E device. 
DYNAMIC CHARACTERISTICS (C, = 50pF, Ta = 25°C) 


P Vop 
ARAMETER (Vde) 


CLOCKED OPERATION 


PROPAGATION DELAY TIME 
Clock to Q 


Vop 


QUIESCENT DEVICE 
CURRENT 


Clock to Carry Out 


Carry In to Carry Out 

70 
50 
OUTPUT TRANSITION TIME 


MINIMUM SETUP TIME 
Carry In 


Up/Down, B/D 


PRESET OPERATION 


360 720 
140 280 
110 220 


1 When units are cascaded, the maximum rise and fall times of the clock input should be equal to or 
less than the transition times of the data outputs driving data inputs, plus the propagation delay of 
the output driving stage for the output capacitive load. 
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-20 -18 


SCL4029B 


Vos, DRAIN VOLTAGE (Vdc) 
-16 -14 -12 -10 -8 -6 -4 


20 
1§ 
10 
5 


~ Lo 
3 i 
—e [| | 
=a Sel 
zl _ 
2 
25124 


ANING EE TT 


(opyw) INZuUND NIVUO 


10 12 14 16 
Vos. GRAIN VOLTAGE (Vdc) 


Typical P-Channel Typical N-Channel 
Source Current Characteristics Sink Current Characteristics 
APPLICATIONS INFORMATION 

CASCADING CONNECTIONS 


PARALLEL CLOCKING 


Ja 4g 4g 


U/0 PE 4 dg Jy vg 


CLOCK 


GINARY/ 

OE CADE 

The Up/Down control can be changed at any count The only restriction on changing 
the Up/Down contro! 1s that the clock input to the first counting stage must be “high” 


PROGRAMMABLE CASCADED FREQUENCY DIVIDER 


Vv 
00 *Voo 


Clock (fin) Thumbwheel Switches 
(Open tor “O"") Resistors - 10k82 


fin 
*Voo four" nr 
Open = Count BCD 


Closed = Count Binary 


93 


SOLID G 
STATE SB 
SCIENTIFIC 


SCL40308 


FEATURES 


Buffered Outputs 

Diode Protection on all Inputs 

Fully “B”-Series Compatible 

Pin Compatible with 4070 types, MC 14507, 
74C86 


ee ooo 


DESCRIPTION 


The 4030B contains four independent ex- 
clusive-OR gates integrated on a single monolithic 
silicon chip. Each exclusive-OR gate consists of 
five N-Channel and five P-Channel enhancement- 
mode transistors, plus output buffering devices. 


TRUTH TABLE 
(one of four gates) 


pA 


Where 1 = High Level 
O = Low Level 


LOGIC DIAGRAM 


40308 i, ) > >-- 


SCHEMATIC DIAGRAM 
(one of four gates) 


CMOS QUAD EXCLUSIVE-OR GATE 


CONNECTION DIAGRAM 
(all packages) 


Vpp 4B 4A 4Y 3Y 3B 3A 


1A 1B 1Y 2Y 2A 2B Vge6 


Add suffix for package: 


14-pin Cerdip 
14-pin Ceramic 
14-pin Epoxy 
14-pin Flat 
Chip 


RECOMMENDED OPERATING CONDITIONS 
For maximum reliability: 
DC Supply Voltage Vpp-Vsg 3to15 Vde 


Operating Temperature Ta 
C, D, F, H Device -55 to +125 OC 
E Device 40 to +85 OC 


Note: The 4030B is identical to the 40708; 
the devices are fully interchangeable in all 
applications. 


FUNCTION DIAGRAM 


1A 1 
1B 2 
2A 5 
2B 6 


> 
D> 
> 


3 1Y 
4 2Y 
3B 3 eas 


4A 12 


4B 3 aiead 


Y = A@B 


Vpp = Pin 14 
Vgs = Pin 7 


SCL4030B 
ELECTRICAL CHARACTERISTICS 


STATIC CHARACTERISTICS ' 


Vop 
PARAMETER (Vde) 


QUIESCENT DEVICE 
CURRENT 


CONDITIONS 
eae en ie 


Vin=Vss OF Vop 
All valid input 
combinations 


NOTEs: ! , Remaining Static Electrical Characteristics are listed under “4000B Series Family Specifications”. 


2 TLow = -55°C for C, D, F, H device. 
= -40°C for E device. 

THIGH = +125° C for C, D, F, H device. 
=+ 85°C for E device. 


DYNAMIC CHARACTERISTICS (C, = 50pF, Ta = 25°C) 


p PARAMETER M de) | Min | 


PROPAGATION DELAY TIME ipeacteuL: 140 
Pema BP : 
amermasnonme fe ae LL 

: 


Vos, DRAIN VOLTAGE (Vdc) 
-20 -18 -16 -14 -12 -10 -8 -6 


lo. DRAIN CURRENT (mAdc) 


(opyw) IN3UUND NIVUO 


6 8 10 12 14 16 18 20 
Vos, DRAIN VOLTAGE (Vdc) 


Typical P-Channel Typical N-Channel 
Source Current Characteristics Sink Current Characteristics 


APPLICATIONS INFORMATION 
8-BIT TWO’S COMPLEMENT ADDER/SUBTRACTOR 


4030B 


= ; Two’s complement numbers and their equivalent 
of > SUBTRACT Tae Se decimal values. 


A-LEAST SIGNIFICAN 
@-MosT SIGNIFICANT ai (SIGN GIT) 
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SOLID Ng 


STATE SCL4034B 
SCIENTIFIC 
FEATURES , 
@ Bidirectional Parallel Data Inputs CONNECTION DIAGRAM 
@ Parallel or Serial Iinputs/Parallel Outputs (all packages) 
@ Asynchronous or Synchronous Parallel Data 

Eosding V Ag AJ Age Ac Ag An Ad Ay CL A/S P/S 
@ Data Recirculation for Register Storage DD™8 7 “6 “5 M4 O32 4 
@ Parallel Enable on Data Lines for Bus 

Connection 24 23 22 21 20 19 18 17 16 15 14 13 
@ Static Operation - DC to SMHz @ 10Vdc 4034 B 


DESCRIPTION 


The 40348 is a Static Eight-Stage Parallel - 
or Serial-Input/Parallel-Output Register. It can be 
used to: 

1. bidirectionally transfer parallel information 
between two buses, 

2. convert serial data to parallel form and direct 
the parallel data to either of two buses, 

3. store (recirculate) parallel data, or 

4. accept parallel data from either of two buses 
and convert that data to serial form. 

Inputs that control the operations include a 
single phase Clock (CL), “A’’ Data Enable (AE), 
Asynchronous/Synchronous (A/S), ‘‘A’’ bus to 
“B’ bus/’’B” bus to “‘A’”’ bus (A/B), and Parallel/ 
Serial (P/S). Data inputs include 16 bidirectional 
Parallel Data lines of which the eight ‘A’ Data 
lines are inputs (outputs) and the ‘’B’”’ Data lines 
are Outputs (inputs) depending on the signal level 
on the A/B input. In addition, an input for Serial 
data is also provided. 

All register stages are D-type master/slave flip- 
flops with separate master and slave clock inputs 
generated internally to allow synchronous or asyn- 
chronous data transfer from master to slave. Isola- 
tion from external noise and the effects of loading 
is provided by output buffering. 

Useful applications for this device include 
pseudo-random code generation, sample-and-hold 
register, frequency and phase comparators, address 
or buffer register, and serial/parallel input/output 
conversion. 


123 4 5 6 7 8 9 10 11 12 


Bg B7 Be Bs By B3 Boa By AE SD A/BVss 


Add suffix for package: 
D 24-pin Ceramic 
E 24-pin Epoxy 
H Chip 


RECOMMENDED OPERATING CONDITIONS 
For maximum reliability: 
DC Supply Voltage 


Operating Temperature Tp 
D, H Device 
E Device 


BLOCK DIAGRAM 


Serial Data 
Input 


A Enable 


Control 
Logic 


Parailel/Serial P/S 
Asyn/Syn A/S 


Clock 


a SRIRGRIRIRIRIE 


8-Bit Register 


Vpp-Vss 3to15 Vde 


55 to+125 OC 
40 to +85 °C 


SCL4034B 


OPERATING INFORMATION 


The 4034 B is composed of eight register 
cells connected in cascade with additional contro! 
logic. Each register cell is composed of one “D’ 
master-slave flip-flop with separate internal clocks, 
and two data transfer gates allowing the data to be 
transferred bidirectionally from bus A to bus B and 
from bus B to bus A, and to be memorized. Besides 
the single phase clock and the serial data. inputs, 
the control logic provides four other features: 


A Enable Input — When high, this input enables 
the bus A data lines. 

A/B Input (Data A or B) — This input controls 
the direction of data flow: when high, the data 


Truth Table for Register Input-Levels and the Resulting Operation 
(L = Low Level, H = High, X = Don’t Care) 


: Outputs change at positive transition of clock in the seria! mode end when the A/S contro} input is 


“low” in the peratle! mode. 


i 
oy 
5 
5 
| 


| Xx | Serial Mode; Synch. Serie! Data input, “A Parattel Date Outputs Disabled 

a ee Serial! Mode: Synch. Seria! Data Input, 8” Parallel Data Output 

| oH | Paraitel Mode; “‘B" Synch. Paraile! Data Inputs, “A’’ Parallel Deta Outputs Disabled 

a ie | cf Hw ] Paraitel Mode; ‘’B" Asynch. Peraltet Data Inputs, ‘“A’’ Paralle! Data Outputs Disabled 

Fane aS Paraile! Mode; "A" Paraile! Data Inputs Disabled,"8” Paraltel Date Outputs, Synch Date 
Recirculation 

Pe ee a Parallel Mode; “A” Parallel Osta Inputs Disabled, “8” Paraltei Data Outputs, Asynch 
Data Recirculation 

fH | | tu | x | Serial Mode; Synch. Seria! Date Input, “A” Parelte! Date Output 

| HT lt TWH | Xx) Serial Mode; Synch. Seria! Data Input, “B” Parallel Data Output 

| HH 6 Paraltel Mode: “B’ Synch. Paralte! Data Input, “A” Paraile! Oata Output 

| H =| _H | Lt [ H | Paraltel Mode; “BY Asynch. Parasite! Data Input, “A” Parallel Data Output 

| H | Hf H { Lt | Peraltel Mode; “A” Synch. Parailel Date Input, “B” Paraltel Dats Output 

ee. | oH | oH | | H | Paraltel Mode; ‘A’ Asynch. Parallel Data Input, ‘8B’ Parallel Data Output 


flows from bus A to bus B; when low, the data 
flows from bus B to bus A. 

P/S Input (Parallel/Serial) — This input controls 
the data input mode (Parallel or Serial). When high, 
the data is transferred to the register in a parallel 
asynchronous mode or a parallel synchronous mode 
(positive clock transition). When low, the data is 
entered into the register in a serial synchronous 
mode (positive clock transition). 

A/S input (Asynchronous/Synchronous to the 
Clock) — When this input is high, the datais trans- 
ferred independently from the clock rate; when 
low, the clock is enabled and the data is transferred 
synchronously. 


TIMING DIAGRAM 


@— BOATALINES ARE OUTPUTS ——®|LINES ARE 
OuTeuTs 


LOGIC DIAGRAM 


AE 
1A ENABLE} 


O 
(PARALLEL 
SERIAL 


a:s O 
'ASYNC’SYNC) 


15 


#FLIP FLOP LOGIC 


STAGE 
SAME AS STAGE } 


4 vever cHanct 
% OON'T CARE 
@PINVALID CONDITION 


SCL4034B 
ELECTRICAL CHARACTERISTICS 


STATIC CHARACTERISTICS ' 


i?) 
(Vde) 
QUIESCENT DEVICE 
CURRENT Vin=Vss or Vop re 150 | uAdc 
All valid inputs 300 
combinations Sa 


NOTES: ' , Remaining Static Electrical Characteristics are listed under “4000B Series Family Specifications”. 
? TLow = -55°C for D,H device. 
= -40° C for E device. 
THigH = +125°C for D, H device. 
=+ 85°C for E device. 


DYNAMIC CHARACTERISTICS [C, = 50pF, Ta = 25°C) 


PARAMETER 
PROPAGATION DELAY TIME 


OUTPUT TRANSITION TIME 


MINIMUM CLOCK PULSE WIDTH 


MAXIMUM CLOCK FREQUENCY 


MAXIMUM CLOCK RISE AND FALL TIME! 


MINIMUM HIGH-LEVEL PULSE WIDTH 
AE, P/S, A/S Inputs 


MINIMUM SETUP TIME 
A, B; Serial Inputs 


1 When units are cascaded, the maximum rise and fall times of the clock input should be equal to or 
less than the transition times of the data outputs driving data inputs, plus the propagation delay of 
the output driving stage for the output capacitive load. 
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SCL4034B 
APPLICATIONS INFORMATION 


“A” ENABLE 


SERIAL AEY ) 
DATA sg) A PARALLEL 


ATA 


s, ‘A PARALLEL 
DATA 


SERIAL 
DATA 


Al‘B 


Ars 
“B" PARALLEL 
ct DATA 


P/S/ \ 


SERIAL 
DATA 


16-Bit parallel in/parallel out, parallel in/serial out, 
serial in/parallel out, serial in/serial out register. 


16-Bit Serial in/gated parallel out register 


\————A PARALLEL 
SERIAL 


DATA 


CL 
p/S 


7———8 PARALLEL DATA———, 


40168 
N=1-8 
SERIAL 
OUTPUT 
——— N— STAGE SELECTION ——e» 


N-stage shift register with fixed serial output line. 


SAMPLE /HOLD 


AE 1 8 
\ "a" PARALLEL OATA ——/ 


SERIAL DATA 


Yoo 4034 B 
A/S 
CLOCK CL 
8" PARALLEL DATA ———, 
P/S 1 8 
P/S 


TO DISPLAY, ETC. 


Sample and hold register — serial/parailel in parallel! out. 


TIMING DIAGRAM 


—ol tw ho 


oureuy——SS—s—sCCS LSU ULI LS LLL 
OUTPUT ft, > tz —o}o—_——______—-— fs fon ———_—-o}o- f; < foe 
% WHEN f,*f2,ty IS PROPORTIONAL TO THE PHASE OF f, WITH RESPECT TO f2 


Frequency and phase comparator 
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SCL4034B 
APPLICATIONS INFORMATION (Continued) 


SHIFT LEFT OUTPUT 
“A'ENABLE 


“A” PARALLEL DATA =e ie “A” PARALLEL DATA 


a se ill PEPPER ae 


ENTRY 


Pe a AE 


AE jg A PARALLEL DATA & 8 AE MaA PARALLEL DATAMSB 
! 


REG.3 REG.4 


L 
g IS@ BPARALLEL DATA mg 


A “High” (‘Low’) on the Shift Left/Shift Right used in place of registers 3 and 4 for parallel load- 
input allows serial data on the Shift Left Input ing, 

(Shift Right Input) to enter the register on the When parallel inputs are not used Reg. 3 and 4 and 
positive transition of the clock signal. A “high” on associated logic are not required. 

a “A” Enable Input disables the “A” parallel data 

lines on Reg. 1 and 2 and enables the “A” data 


lines,on register 3 and 4 and allows parallel data *Shift Left input must be disabled during parallel 
into registers 1 and 2, Other logic schemes may be entry. 


Shift right/shift left with parallel inputs 


DOUBLE-—BUS SYSTEM (ENABLE INPUTS ON BOTH SIDES) 


A 
“ 


MEMORY 
UNIT 


eo ~ @w Aa Wn — 


ARITHMETIC 


PERIPHERAL 
UNIT 


UNIT 


ct 
PS 
i] 
; 
3 
4 
8 5 
6 
7 
8 


Gi at 


BUS LINES *4034AB 
(SINGLE) 


The “A” enable (AE) and A/B signals control all combinations 
of transfer between the registers and bus systems. 


Single and double-bus systems 
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SOLID Ng 


SCL4035B 


STATE 
SCIENTIFIC , eee 
CMOS 4-BIT PARALLEL-IN/PARALLEL-OUT SHIFT REGISTER 
FEATURES | e 3 —_—_——— 
4-Stage Clocked Serial-Shift Operation - - CONNECTION DIAGRAM 
Synchronous Parallel Loading of All Stages  _ (all packages) 
J-K Serial Inputs to First Stage on 
ea True/Complement Control of all Voo Q2 a3 Q4 PI-a-PI-3 PI-2 PI-1 
Asynchronous Reset , 
-14°«:13°—o12 


ee 2909020 


Static Operation — DC to GMHz @ 10Vdc 
DESCRIPTION 


The 4035B is a Four-Stage Clocked Serial 
_ Register having provisions for synchronous parallel 
inputs to each stage and serial inputs to the first 
stage via JK logic. Register stages 2, 3, and 4 are 
coupled in a serial “D” flip-flop configuration when 
the register is in the serial mode (Parallel/Serial 
control low). 
| Parallel entry via the “D” line of each register 
stage is permitted only when the Parallel/Serial 
_ control is high. In the parallel or serial mode in- 
formation is transferred on positive Clock trans- 
itions. 

When the True/Complement control is high, the 
true contents of the register are available at the 
output terminals. When the True/Complement con- 
trol is low, the outputs are the complements of the 
data in the register. The True/Complement control 
functions asynchronously with respect to the Clock 
signal. | | 
JK input logic is provided on the first stage 
serial input to minimize logic requirements, partic- 
ularly in counting and sequence-generation appli- 
cations. With JK inputs connected together, the 
first stage becomes a “D” flip-flop. An asynchron- 
ous common Reset is also provided. 

This device may be used for shift-right/shift-left 
registers, parallel-to-serial/serial-to-parallel conver- 
sion, sequence generation, up/down Johnson or 
ring counters, pseudo-random code generation, 
frequency and phase comparators, and sample-and- 
hold registers. 


TRUTH TABLE 
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4035B 
3 4.5 6 


Q, T/C K. J R CL 


P/S Vss 


_. Add suffix for package: 


16-pin Cerdip 


16-pin Ceramic 


16-pin Epoxy 
16-pin Flat 
Chip 


RECOMMENDED OPERATING CONDITIONS 
For maximum reliability: 
DC Supply Voltage Vpp-Vss 


Operating Temperature Ta 
C, D, F, H Device 
E Device. . 


BLOCK DIAGRAM 


Vop 7 Pin 16 
_ Vés* Pins 


 3to15 Vde 


-55 to +125 9C 
40to0 +85 °C 


SCL4035B8 


ELECTRICAL CHARACTERISTICS 


STATIC CHARACTERISTICS | 


PARAMETER CONDITIONS 


QUIESCENT DEVICE 
CURRENT 


| 
COSC CoS 


0.05 150 
; 300 
: 600 


NOTES: ' , Remaining Static Electrical Characteristics are listed under “4000B Series faces Specifications” 
2 Trow =-55°C for C, D, F, H device. 
= ~40° C for E device. 
TuicH =+125°C for C, D, F, H device. 
=+ 85°C for E device. 


Vin=Vss or Vop 
All valid input 
combinations 


DYNAMIC CHARACTERISTICS (C, = 50pF, Ta = 25°C) 


CLOCKED OPERATION 
PROPAGATION DELAY TIME 
From Clock Input teLH. teHL 
OUTPUT TRANSITION TIME 
MINIMUM CLOCK PULSE WIDTH 
MAXIMUM CLOCK FREQUENCY wae 
MAXIMUM CLOCK RISE & FALL TIME! 


MINIMUM SETUP TIME 
J, K Inputs 


From T/C Input 


ter. Yer 


P/S, Parallel Inputs 


MINIMUM HOLD TIME 
J, K inputs 


thoid 


P/S, Parallel inputs thoid 


RESET OPERATION 


PROPAGATION DELAY TIME 
MINIMUM RESET PULSE WIDTH | 


1 When units are cascaded, the maximum rise and fall times of the clock input should be equal to or 
less than the transition times of the data outputs driving data inputs, plus the propagation delay of 
the output driving stage for the output capacitive load. 


Jovslese 
g38 
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-20 -18 


SCL4035B 


Vis. DRAIN VOLTAGE (Vdc) 
-16 -14 -12 -10 -8 -6 - 


] 
E 
= 
. 
3 
: 


(opyw) INJUEND NiVUO “Ys 


6 8 10 12 14 16 18 20 
Vos. DRAIN VOLTAGE (Vdc) 


Typical P-Channel Typical N-Channel 
Source Current Characteristics Sink Current Characteristics 


LOGIC DIAGRAM 


PARALLEL 


PARALLEL pur 


SERIAL 
CONTROL (P'S) 


7Q 


CLOCK 
6Q 


RESET 
$Q 


TRUE/COMPL. 


20) 
(Tic) 


TERMINAL NO. 16-V, 


TERMINAL NO. 8.GNO 


Shift Left/Shift Right Register 


103 


SOLID 2 ae 
STATE § ae 


SCIENTIFIC | —- : 
CMOS 12-STAGE BINARY COUNTER 

FEATURES , 

@ 12 Fully Static Stages CONNECTION DIAGRAM 

® All 12 Buffered Outputs Available (all packages) 


Common Reset Line 
@ SMlHz Counting Rate @ 10Vdc 
® All inputs Buffered 


VDD Q11Q10 Q8 Q@9 R Ct Qt 


DESCRIPTION 


The 40408 consists of  12-ripple-carry 
binary counter stages with appropriate input buffers 
and reset circuitry. The counter is reset to its “all 
O's” state by a high level on the Reset input. The Q12 Q6 05 Q7 Q@4 Q3 G2 VSS 
counter is advanced one count on the negative- 
going transition of each input pulse. Isolation 
al rapihte Leen ai the effects of loads is pro- Add suffix for package: 
vi Y Output buffering. oe : 

Applications include time delay circuits, counter siti abel 
controls, and frequency dividers. 16-pin Epoxy 


16-pin Flat 
Chip 


| ‘TRUTH TABLE 
| Clock | Reset | ~——OutputState __ 
Ls | os NoChange 
S59 DN nell 
state . 
ae ae 


| ok All Outputs are low 


RECOMMENDED OPERATING CONDITIONS 
For maximum reliability: 


Operating Temperature Ta as 
C, D, F, H Device 55 to +126 9C 


X = Don’t Care E Device 4010 +85 °C 7 
LOGIC DIAGRAM 


Qi2 


PE PERERE 
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DC Supply Voltage Vpp-Vss 3to1S Vde . vi 


ie Fas 


MAXIMUM CLOCK RISE AND FALL TIME tren, tte 


SCL4040B 
ELECTRICAL CHARACTERISTICS | 


STATIC CHARACTERISTICS ' 


° 
(Vde) | Min. | Max.| Min. | Typ. | Max.| Min. | Max. | 
QUIESCENT DEVICE me 
CURRENT Vin=Vss or Voo = 5 — 0.05 5 -_ 
All valid input - 10 - 0.1 10 - 300 
combinations - 20 - 0.2 20 - 


NOTES: ' Remaining Static Electrical Characteristics are listed under “4000B Series Family Specifications”. 
Trow 7 -55°C for C, D, F, H device. 
= -40°C for E device. 
Twicu = +125°C for C, D, F, H device. 
=+ 85°C for E device. 


OVNAMIC CHARACTERISTICS (C, = 50pF, Ta = 25°C) 


PROPAGATION DELAY TIME 
Clock to Q1 


Q; t0 O; +1 


OUTPUT TRANSITION TIME 


MINIMUM CLOCK PULSE WIDTH 


CL 
MAXIMUM CLOCK FREQUENCY fer 


2 


RESET OPERATION 
PROPAGATION DELAY TIME teu: 


MINIMUM RESET PULSE WIDTH 


RESET REMOVAL TIME 
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SCL4040B 


Vos, DRAIN VOLTAGE (Vdc) 
-20 -18 -16 -14 -12 -10 8 -6 -4 - 


2 


2 

ae Be 

OA Pz ce cm OO 
2 AE Vex = 5 Wee —J—7-T, = 28° C 


6 8 10 12 14 16 18 20 
Vins» DRAIN VOLTAGE (Vde) 


3 
E 
= 
= 
ce 
e 
= 
x) 
= 
z 
i=) 


(spyw) INABUND NIVUO ‘"'s 


Typical P-Channel! Typical N-Channel 
Source Current Characteristics Sink Current Characteristics 


TIMING DIAGRAM 


Reset 
a ee i 
I ig Oc ge Pen 
poe eg eg ge a ei i 
ee es ee Oe 
REN gece ee ge eee 
nes cag i MN a 
nen er eg ee ee ee i 
ee ee a ek ee 
ee a oan ey 
i oe 
ee eee oe 2 
eat ener oe nee en NEE 2 


TYPICAL COUNTER STAGE 
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SOLID ¢ | _ 
STATE SCL4041UB 
SCIENT FIC 


“GMOS QUAD TRUE/COMPLEMENT BUFFER 


FEATURES 
@ Both True and Complement pues Available CONNECTION DIAGRAM 
Simultaneously (all packages) 
@ High Source and Sink Current 
®@ Diode Protection on All Inputs Vop 4A 4W 4Y 3A 3W 3Y 
11 
4041UB 
1¥ IW 1A 2Y 2W 2A Voss 
DESCRIPTION = | Add suffix for package: 
The 4041UB Quad. True/Complement Buf- 14-pin Cerdip 
fer is a monolithic integrated circuit constructed 14-pin Ceramic 
with P-Channel and N-Channel enhancement-mode 14-pin Epoxy 
devices. The outputs have low resistance and are 14-pin Flat 
capable of sinking or sourcing high currents for use Chip 


in driver applications where high noise immunity 
and low power dissipation are required. 

This device is useful as a line-driver, CMOS-to- 
TTL driver, low-power resistor-network driver. for 
A/D and D/A conversion, display and clock drivers. RECOMMENDED OPERATING CONDITIONS 


For maximum reliability: 


DC Supply Voltage Vpp- Vss 3t0o15 Vdc 
Operating Temperature Ta 
C, D, F, H Device -55 to +125 9C 
E Device 40 to +85 9C 


SCHEMATIC DIAGRAM 
(one of four buffers) LOGIC DIAGRAM 


| | COMPLEMENT 
OQuTPUT 
| 7 “ 


Ves 
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SCL4041UB Bee, | 
. ELECTRICAL CHARACTERISTICS 


STATIC Sr 


- | | 25°C =a 
| PARAMETER | conorrions | Tow” 
in {ef [i 


WR... DEVICE al como or Vop 0.005 
CURRENT All valid input 0.01 
combinations us 02. 


MINIMUM INPUT HIGH 
VOLTAGE 
Non-Inverting Outputs 


inverting Outputs 


MAXIMUM INPUT LOW 
VOLTAGE 
Non-Inverting Outputs 


inverting Outputs 


OUTPUT HIGH (SOURCE) 
CURRENT 


Non-Inverting Outputs 


Von=9.5V 
Von =13.5V 
Vin=V 


inverting Outputs 


OUTPUT LOW (SINK) 
CURRENT 


Non-inverting Outputs 


inverting Outputs 


NOTES: ' Remaining Static Electrical Characteristics are listed under “4000B Series Family Specifications”. 
2 TLow = -55" C for.C, D, F, H device. 
= -40° Cc for E device. 
TuHicH 2 +125° C for C, 0, F, H device. 
=+ 85°C for E device. 
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SCL4041UB 


ELECTRICAL CHARACTERISTICS (Continued) 


DYNAMIC CHARACTERISTICS (C, = 50pF, Ta = 25°C) 


PROPAGATION DELAY TIME 

Non-Inverting Outputs tery. teHL 
OUTPUT TRANSITION TIME 

Non-Inverting Outputs tron. trHe 


Inverting Outputs 


INPUT CAPACITANCE Cin 


Vins, DRAIN VOLTAGE (Vdc) 
-20 -18 -16 -14 -12 -10 -8 -6 -4 -2 0 
Seeereraers 
Gg7-" 
ff 


AZ\_ | | 
a) ae ee ee 
7/5 ee es Ce a 
A= co T,= 28°C 
LA@ZEaE kn 
8 10 12 14 16 18 
Vins, DRAIN VOLTAGE (Vdc) 


Ves =-10 Vie | LT Z| 


lon, DRAIN CURRENT (mAdc) 


(opyw) INJBHND NIVUO “"'l 


Typical P-Channel Typical N-Channel 
Source Current Characteristics Sink Current Characteristics 


INVERTING (COMPLEMENT) OUTPUT 


Vos, DRAIN VOLTAGE (Vdc) 
-20 -18 -16 -14 -12 -10 -8 -6 


[Tx | | dys t0 ves] | 
ae ase a 
| Z| = 


lin ORAIN CURRENT (mAdc) 


= 
2 
z 
ix] 
4 
az 
z 
mm 
z 
= 
i 
> 
a 
e 
—_ 


8 10 12 14 16 18 20 
Vis, DRAIN VOLTAGE (Vdc) 


Typical P-Channel Typical N-Channel 
Source Current Characteristics Sink Current Characteristics 
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SCL4041UB 


AMBIENT TEMPERATURE 
(Ty) * 25°C 


AMBIENT TEMPERATURE 
(Ta) # 25°C 


” 
ec 
pu 
2 
= 
= 
s 
- 30 
z 
2° 
Da 
n 
z 
a 
« 
- 


LOAD CAPACITANCE (C_)-PF 


Typical transition time vs. CL- 
complement output. 


AMBIENT TEMPERATURE 
(Ta) 2sec 


PROPAGATION DELAY TIME (tp_pins 


PROPAGATION DELAY TIME (tpi_y)oS 


LOAD CAPACITANCE (C,_)- PF LOAD CAPACITANCE (C_)-PF 


Typical propagation delay time vs. C,_-true output. Typical propagation delay time vs. 
C,-complement output. 


APPLICATIONS INFORMATION 


Low Power D/A Converter 


cick  *SCL4040AB 
12 STAGE BINARY CTR 
eer ae 23 24 25 26 27 28 29 200 gil al2 


*4041UB 
For resolution and accuracy of + % least significant The values have been tabulated for Vpp = 5V and 
bit (LSB), choose the values for R (shown in Table Vss = OV. For different supply (reference) voltages, 
1) where R equals the value of the external ladder the switch source impedance must be computed 
resistor plus the switch source impedance. and added to the value of R shown in Table 1). 
TABLE |. RESISTANCE VALUES AT Vop-Vss = 5V, TABLE I!. ON RESISTANCE VALUES 
Ta = 28°C AT Vos = 0.1V, Ta = 25°C 


t 3.25% of full scale 
¢ 0.8% of full scale 
£0.2% of full scale 
£0.05% of full scale 
t0.0125% of full scale 
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a Ee ae 


SOLID 
STATE Sg 
SCIENTIFIC 


FEATURES 


@ Common Clock 
@ Positive- or Negative-Edge Clocking 
@ Qand G Outputs Available from Each Latch 


DESCRIPTION 


4042B devices contain four Latch circuits, 
each strabed by a common Clock. Complementary 
buffered outputs are available from each circuit. 
Information present at the Data input is trans- 
ferred to outputs Q and Q during the Clock level 
which is programmed by the Polarity input. For 
Polarity = O the transfer occurs during the 0 Clock 
level and for Polarity = 1 the transfer occurs during 
the 1 Clock level. The outputs follow the Data in- 
puts providing the Clock and Polarity levels defined 
above are present. When a Clock transition occurs 
(positive for Polarity = 0 and negative for Polarity 
= 1) the information present at the input during 
the Clock transition is retained at the outputs until 
an opposite Clock transition occurs. 


TRUTH TABLE 


LOGIC DIAGRAMS 
One of four latches 
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SCL4042B 


CMOS QUAD LATCH 


CONNECTION DIAGRAM 
(all packages) 


Q3 Qg 2 


Vpp 94 04 03 Q3 


RECOMMENDED OPERATING CONDITIONS 
For maximum reliability: 

DC Supply Voltage Vpp-Vss 
TA 


3to15 Vdc 


Operating Temperature 
C, D, F, H Device 
E Device 


-+55 to +125 OC 
40 to +85 OC 


BLOCK DIAGRAM 


Clock © 


Polarity © 
6 


Vopb = Pin 16 
Vss = Pins 


SCL4042B 
ELECTRICAL CHARACTERISTICS 


STATIC CHARACTERISTICS' 


QUIESCENT DEVICE 


CURRENT Vin=Vss or Voo 
All valid input 
combinations 


NOTES: ' Remaining Static Characteristics are listed under "4000B Series Family Specifications” . 
2 TLow = -55°C for C, D, F, H device. 
= -40°C for E device. 
TuioH =+125°C for C, D, F, H device. 
=+ 85°C for E device. 


DYNAMIC CHARACTERISTICS (C, = 50pF, T, = 25°C) 


PROPAGATION DELAY TIME 
From Data Inputs 


From Clock Polarity Inputs 
OUTPUT TRANSITION TIME 


Vos, DRAIN VOLTAGE (Vdc) 
-20 -18 -16 -14 -12 -10 -8 -6 


r Z 
=} te 
S be 
= <4 
o —] 
e (x 
a 

2 2 
= = 
Fy 2 

— & 6 8 10 12 14 16 18 20 
se La an a Vos, DRAIN VOLTAGE (Vdc) 
Typical P-Channel Typical N-Channel 
Source Current Characteristics Sink Current Characteristics 
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nT 


SOLID 
STATE Sg 
SCIENTIFIC 


FEATURES 


# Separate Set and Reset Inputs for each Latch 

@ Active-High (4043 B) or Active-Low 
(4044 B) Inputs 

@ 3-State Outputs with Common Enable 


DESCRIPTION 
4043B types are Quad cross-coupled 3- 
state CMOS NOR Latches, and the 4044B 


types are Quad cross-coupled 3-state CMOS NAND 
Latches. Each latch has a separate Q output and 
individual Set and Reset inputs. The Q outputs are 
gated through transmission gates controlled by a 
common Enable input. A logic “1” or “high” on 
the Enable input connects the latch states to the Q 
outputs. A logic “0” or “low” on the Enable input 
disconnects the latch states trom the OQ outputs, 
resulting in an open circuit condition on the Q out- 
puts. The open circuit feature allows common 
bussing of the outputs. The logic operation of the 
latches is summarized in the truth table below. 


TRUTH TABLES 


R 
Xx 
O ' 
O | 
1 I 
! | 


* OPEN CIRCUIT 
+ NO CHANGE 
4 DOMINATED BY S = 1 INPUT 


4044 B 


R E 
x O 
I 1 
{ 1 
O 1 

t 


Ss 
Xx 
1 
Oo 
1 
O 


O 


* OPEN CIRCUIT 
+ NO CHANGE 
44 DOMINATED BY R = O INPUT 


SCL4043B 
SCL4044B 


CMOS QUAD 3-STATE R-S LATCHES 


CONNECTION DIAGRAMS 
(all packages) 


Vpop R4a $4 NC S3 Rg Q3 


NC Sq Ry EN Rg SQ 


Add suffix for package: 


16-pin Cerdip F 16-pin Flat 
16-pin Ceramic H Chip 
16-pin Epoxy 


RECOMMENDED OPERATING CONDITIONS 
For maximum reliability: 
Vpb- Vss 
TA 


DC Supply Voltage 3to15 Vdc 


Operating Temperature 
C, D, F, H Device 
E Device 


55 to +125 OC 
40to+85 °C 


BLOCK DIAGRAMS 
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SCL4043B, SCL4044B 
ELECTRICAL CHARACTERISTICS 


STATIC CHARACTERISTICS ' 
aa Ta ies in ee 
All valid input 


SURGE: DEVICE 
CURRE 0.005} 1.0 ss uAdc 
0.01 | 2.0 
combinations T= Pato 02 | 4.0 


3-STATE OUTPUT LEAKAGE lau | 18 | Enable = Veg 20.1] a ee £1.0 jade 


CURRENT 
NOTES: ' , Remaining Static Electrical Characteristics are listed under ” 4000B Series Family Specifications”. 
? Trow = -55° C for C, D, F, H device. 
= -40° C forE device. 
THigu = +125° 5 for C, D, F, H device. 
= + 85°C for E device. 


Vin =Vec or Voo 


DYNAMIC CHARACTERISTICS (C, = 50pF, T, = 25°C) 


PROPAGATION DELAY TIME 
From Sor R Inputs 


From Enable Input 


SET OR RESET REMOVAL TIME 


Vos, DRAIN VOLTAGE (Vdc) 
-20 -18 -16 -14 -12 -10 -8 -6 -4 


lor, DRAIN CURRENT (mAdc) 


Z 
3 
2 
=z 
eo 
i— 
E ] 
a 
mm 
= 
— 
[me 
> 
oe 
— 


Vos, DRAIN VOLTAGE (Vdc) 


Typical P-Channel Typical N-Channel 
Source Current Characteristics Sink Current Characteristics 


114 


SCL4043B, SCL4044B 


LOGIC DIAGRAMS 


ae 
> 


&NABLE | > 5 ENABLE 


Switch bounce eliminator 


Load AO 
EWABLE AO 


LOAO 8 
Enas_e 8 O 


sus c¢ 


12 
13 
Load ¢ 
ENABLE C CO 


ERABLE O00 
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SOLID <> 
STATE Se 
SCIENTIFIC 


SCL4046B 
SCL4446B 


FEATURES 


® Very low power consumption — 70 yW (typ) 
@ fo = 10kHz, 5Vde 
© Operating frequency range (no offset) — 
Up to 3MHz (typ) @ 10Vdc (4046B) 
Up to 4MHz (typ) @ 10Vdc (44468) 
® Low frequency drift — 0.04%/°C (typ) @ 10Vde 
® Choice of two phase comparators: 
1. Exclusive-OR network 
2. Edge-controlled memory network with 
phase-pulse output for lock indication 
VCO Inhibit contro! for ON-OFF keying and 
ultra-low standby power consumption 
High VCO linearity 1% (typ) 
Source-follower output of VCO control input 
(Demodulator Output) 
Zener Diode to assist Supply Regulation 


e¢ @2 © 


APPLICATIONS 


FM demodulator and modulator 
Frequency synthesis and multiplication 
Frequency discriminator 

Data synchronization 
Voltage-to-trequency conversion 

Tone decoding 

FSK-Modems 

Signal conditioning 


Sd td i 


DESCRIPTION 


The 40468 and 4446B phase-locked 
loops contain two phase comparators, a voltage- 
controlled oscillator (VCO), source follower, and 
zener diode. The comparators have two common 
inputs. The Signal input can be used directly 
coupled to large voltage signals, or indirectly 
coupled (with a series capacitor) to small voltage 
signals. The self-bias circuit adjusts small voltage 
signals in the linear region of the amplifier. Phase 
comparator I (an exclusiveeOR gate) provides a 
digital error signal PCIg,,¢, and maintains 90° phase 
shift at the center frequency between Signal and 
Comparator inputs (both at 50% duty cycle). Phase 
comparator II (with leading edge sensing logic) pro- 
vides digital error signals PCIZg.,¢ and Phase Pulses, 
and maintains a O° phase shift between input 
signals (duty cycle is immaterial). The linear VCO 
produces an output signal VCO oy whose frequency 
is determined by the voltage of i:.aut VCOj, and 
the capacitor and resistors connected to pins C1 A. 
Cig, R1, and R2. The source follower output, 
Demod Out, with an external resistor is used where 
the VCOjnp signal is needed but no loading can be 
tolerated. The inhibit input Inh, when high, disables 
the VCO and source follower to minimize standby 
power consumption. The zener diode can be used 
to assist in power supply regulation. 


CMOS PHASE-LOCKED LOOPS 


CONNECTION DIAGRAM 
(all packages) 


DEMOD OUT 


PHASE 
PULSES 


Add suffix for package: 


16-pin Cerdip 
16-pin Ceramic 
16-pin Epoxy 
16-pin Flat 
Chip 


RECOMMENDED OPERATING CONDITIONS 
For maximum reliability: 
DC Supply Voltage Vpp- Vss 3to15 Vdc 


Operating Tamperature TA 
C, D, F, H Device -55 to+125 OC 
E Device | 40to +85 °C 


BLOCK DIAGRAM 


COMPARATOR Ea 
I 


Ef SOURCE 
FOLLOWER 


Fig. 1 
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SCL4046B, SCL4446B 


VCO SECTION 


The VCO requires one external capacitor (C1) 
and one to two external resistors (R1 or R1 and 
R2). Resistor R1 and capacitor C1 determine the 
frequency range of the VCO and resistor R2 en- 
ables the VCO to have a frequency offset if re- 
quired. The high input impedance (10'7Q2) of the 
VCO simplifies the design of low-pass filters by 
permitting the designer a wide choice of resistor-to- 
Capacitor ratios. In order not to load the low-pass 
filter, a source-follower output of the VCO input 
voltage is provided at terminal 10 (DEMODULA- 


TOR OUTPUT). If this terminal is used, a load 
resistor (Rg) of 50kS2 or more should be connected 
from this terminal to Vss. If unused, this terminal 
should be left open. The VCO can be connected 
directly or through frequency dividers to the com- 
parator input of the phase comparators. A full 
CMOS logic swing is available at the output of the 
VCO. A logic O on the INHIBIT input “enables” 
the VCO and the source follower, while a logic 1 
“turns off” both to minimize stand-by power 
consumption. 


PHASE COMPARATORS 


The phase-comparator signal input (terminal 14) 
can be direct-coupled provided the signal swing is 
within CMOS logic levels [ logic “0” < 30% (Vpp- 
Vsg), logic “1" 2 70% (Vpp-Vsg) ]. For smaller 
swings the signal must be capacitively coupled to 
the self-biasing amplifier at the signal input. 

Phase comparator I is an exclusive-OR network; 
it operates analogously to an over-driven balanced 
mixer. To maximize the lock range, the signal and 
comparator-input frequencies must have a 50% 
duty cycle. With no signal or noise on the signal 
input, this phase comparator has an average output 
voltage equal to Vpp/2. The low-pass filter con- 
nected to the output of phase comparator I supplies 
the averaged voltage to the VCO input, and causes 
the VCO to oscillate at the center frequency (fo). 

The frequency range of input signals on which 
the PLL will lock, if it was initially out of lock, 
is defined as the frequency capture range (2f,). 

The frequency range of input signals on which 
the loop will stay locked if it was initially in lock is 
defined as the frequency lock range (2f,). The 
capture range can not exceed the lock range. 

With phase comparator I, the range of frequen- 
cies over which the PLL can acquire lock (capture 
range) is dependent on the low-pass-filter character- 
istics, and can be made as large as the lock range. 
Phase-comparator I enables a PLL system to remain 
in lock in spite of high amounts of noise in the in- 
put signal. 


PHASE COMPARATOR I 


Input State 


One characteristic of this type of phase com- 
parator is that it may lock onto input frequencies 
that are close to harmonics of the VCO center- 
frequency. A second characteristic is that the phase 
angle between the signal and the comparator input 
varies between 0° and 180°, and is 90° at the center 
frequency. Figure 2 shows the (typical) triangular 
phase-to-output response characteristic of phase- 
comparator I. Typical waveforms for a CMOS 
phase-locked-loop employing phase comparator I 
in locked condition is shown in Figure 3. 


AVERAGE OUTPUT 
VOLTAGE 


> 
l 
© 
s 
kK 
po) 
a. 
ros 
~ 
°o 
ro) 
< 
S 
< 


0 90° g0° 


SIGNAL-TO- COMPARATOR 
INPUTS PHASE DIFFERENCE 


Fig. 2 — Phase-comparator I characteristics at 
low-pass filter output. 


siGNaL inpur (rerm.ia)_f LJ Lo 
VCO OUTPUT (TERM 4)« 
comparator Inpur «s§ SC L__J 


(TERM 3) 


PHASE COMPARATOR I [ i | | | [ 
_ OUTPUT (TERM. 2) 


VCO INPUT (TERM. 9) 
LOW-PASS FILTER 
OUTPUT 


Fig. 3 — Typical waveforms employing phase comparator I in locked condition 


SCL4046B, SCL4446B 


PHASE COMPARATOR IL 


Input State 


SIGNAL INPUT (TERM. 14) 


VCO OUTPUT (TERM 4)= 
COMPARATOR INPUT 
(TERM 3) 


PHASE COMPARATOR II 
OUTPUT (TERM. 13) 


VCO INPUT (TERM. 9)= 
LOW-PASS FILTER 
OUTPUT 


PHASE PULSE (TERM. |) 


3 State 
Output Disconnected 


J - ~~ 


-Vss 


——_—— ep 0 


~Vss 


| aa a aay | 
' “V§s 


NOTE: DASHED LINE !S AN OPEN-CIRCUIT CONDITION 


Phase-comparator IT is an edge-controlled digital 
memory network. It consists of several flip-flop 
stages, control gating, and a three state output 
circuit comprising p- and n-type drivers having a 
common output node. When the p-MOS or n-MOS 
drivers are ON, they pull the output up to Vppo or 
down to Vgz, respectively. This type of phase com- 
parator acts only on the positive edges of the signal 
and comparator inputs. The duty cycles of the 
signal and comparator inputs are not important 
since positive transitions control the PLL system 
utilizing this type of comparator. If the signal lags 
the comparator input in phase, the n-type output 
driver is maintained ON for a time corresponding 
to the phase difference. If the comparator input 
lags the signal in phase, the p-type output driver is 
maintained ON for a time corresponding to the 
phase difference. Subsequently, the capacitor volt- 
age of the low-pass filter connected to this phase 
comparator is adjusted until the signal and com- 
parator inputs are equal in both phase and frequen- 
cy. At this stable point, both p- and n-type output 
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Fig. 4 — Typical waveforms employing phase comparator II in locked condition. _ 


drivers remain OFF. Thus, the phase comparator 
Output becomes an open circuit and holds the voit- 
age on the capacitor of the low-pass filter constant. 
Moreover, the signal at the “phase pulses” output is 
a high level which can be used for indicating a 
locked condition. Thus, for phase comparator II, 
no phase difference exists between signal and com- 
parator input over the full VCO frequency range. — 
Moreover, the power dissipation due to the low- 
Pass filter is reduced when this type of phase com- 
parator is used because both the p- and n-type 
Output drivers are OFF for most of the signal 
input cycle. 

It should be noted that the PLL lock range for 
this type of phase comparator is equal to the cap- 
ture range, independent of the low-pass filter. With 
no signal present at the signal input, the VCO is 
adjusted to its lowest frequency for phase com- 
parator IT. Figure 4 shows typical waveforms for 
a CMOS PLL employing phase comparator IZ in a 
locked condition. 


SCL4046B, SCL4446B 
DESIGN INFORMATION 


This information is a guide for approximating R1, R22 2kQ), Rg 2 10kQD 
the values of external components for the C1 2 15pF 
4046B and 4446B in a Phase-Locked Loop In addition to the given design information refer 
system. The selected external components must be to Figure 5 for R1, R2, and C1 component selec- 
within the following ranges: tions. 


USING PHASE COMPARATOR I USING PHASE COMPARATOR I 


CHARACTERISTICS vco wget VCO WITH OF FSET vco eae | eae | 


VCO Frequency 
'MIN 


VCO INPUT VOLTAGE vCO INPUT VOLTAGE VCO INPUT VOLTAGE VCO INPUT VOLTAGE 


, ; . ‘ VCO in PLL system will adjust 
For No Signal Input VCO in PLL system will adjust to center frequency, fg to lowest operating frequency, fmin 
2 fi. = full VCO frequency ran 
Frequency Lock Range,2f,_ L quency. range 
2 fL = fmax—fmin 


Frequency Capture 
Range, 2fc 
1 
rif 
Loop Filter fof. 
Component 
Selection 
For 2 fc, see Ref. 
aa 


Phase Angle between 90° at center frequency (fo), approximating 0° and ae 

Signal and Comparator 180° at ends of lock range (2f;) Always 0° in lock 

Locks on Harmonics of Y 

Center Frequency es 
a 


Signal Input Noise 


Rejection 


— Given: fy — Given: f, and fr — Given: fmax — Given: fmin & fmax 
— Use fg with Fig.Sa to — Calculate fmin from — Catculate fg from — Use fmin with Fig.Sb 
determine R1 and C1 the equation the equation to determine R2andC1 
fmin = fo- fe fmax fmax 
— Use fmin withFig. 5b 2 — Calculate fmin 
to determine R2 andCll — Use fo with Fig.5a to , 

f determine R1 and C1 = BALL ae ; 
vco — Calculate tin Use tmin with Fig.5c 
ee from the equation to determine 
Selection ratio R2/R1 to 


obtain Ri 


Fig.Sc to determine 
ratio R2/R1 to obtain 
R1 


REF.G.S. Moschytz, “Miniaturized RC Filters Using Phase-Locked Loop”, BSTJ, May, 1965. 
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SCL4046B, SCL4446B 
ELECTRICAL CHARACTERISTICS ' 


Vop 

PARAMETER (Vde) 
QUIESCENT DEVICE 

CURRENT Inhibit = Vop 

Signal Input = 


TOTAL.POWERDISSIPATION |P, F 


NOTES: ' Remaining Static Electrical Characteristics are listed under “4000B Series Family Specifications”. 
? TLow = -55°C for C, D, F, H device. 
= -40°C for.E device. 
THIGH = +125°C for C, D, F, H device. 
=+ 85°C for E device. 


PARAMETER 


MAXIMUM OPERATING 
FREQUENCY 
4046B 


LINEARITY 


VCO = 2.540.3V, 
R12>10kQ 
VCOw = 5.022.5V, 


INPUT Pin 14 Only 
CAPACITANCE 


All Other Inputs 
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SCL4046B, SCL4446B 


ELECTRICAL CHARACTERISTICS (Continued) 


aisasaaulel chalet 00 tin PO a yiiod 


VCO SECTION (Continued) 
0.12-0.24 
0.04-0.08 
0.015-0.03 


TEMPERATURE- 
FREQUENCY 
R2< 10X R1 0.06-0.12 
0.05-0.1 
0.03-0.06 
INPUT RESISTANCE 
(VCO...) 


%/°C 


With Offset %/°C 


STABILITY 
OUTPUT DUTY All valid input combin- 
CYCLE ations and voltages 


No Offset 
OUTPUT TRANSITION tric ten 


TIME C. = 50pF ~ ri 


PHASE COMPARATORS 


INPUT RESISTANCE 
Signal Input 
Comparator 
Input 
AC-COUPLED INPUT Vin 
SENSITIVITY 
Signal Input 
OUTPUT TRANSITION 
TIME 
PCI, PCO tron. trae 
Outputs Cy = SOpF 
Phase Pulses TUM: (THE 
_ Output | 


DEMODULATOR OUTPUT 
OFFSET VOLTAGE 


> ol 
oo 

—_ 
Ss 


338 PY 
aim 


oOOoOWwW 
Qn 


mV 


S88 


e 


Voem | Rg>50k2 


LINEARITY Re>50k 2 
VCO = 2.5¢0.3V 


VCOw = 5.022.5V 
VCOin 


_ 
oo Oo => ab of = 


ZENER DIODE 


ZENER VOLTAGE [Vz |iz=SQWA 
RESISTANCE 
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SCL4046B, SCL4446B 
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5 (b) Typical frequency offset vs C1 (VCO, = Vss, Ta = 25°C) 


Fig. 


- 100% 22, 


Fig. 5 (a) Typical center frequency (fg) vs C1 (R2 


0, Asuenboes 10,U089 


Asuenbesy 388330 


ical fmax/fmin vs R2/R1 
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5 (c) Typ 


Fig 


SCL4046B, SCL4446B 


Cf AMBIENT TEMPERATURE (7,1-25°C 
vCOin © Vo0/2 . R22 @ 


T TEMPERATURE (Tal: 25° 
INMIBIT © Veg AMBIENT TEMPERATURE (Tals 25°C 


- ~_ 


os it il 


_ | SUPPLY VOLTAGE Vop*SV, (p92 250 Kwa 


10 V,t9*730 KHz 
PP 


ia aa IS V, t9# 980 KNa 
PV AL Eta 
TUE TE 


100 2 4 6 ®1900 2 4 6 8 
PEAK - TO- PEAK SIGNAL INPUT VOLTAGE (V))—mv 


VCO POWER CISSIPATION (Pp 1—p@ 
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Fig. 6 (a) - Typical VCO power dissipation 
at center frequency vs R1. 


Fig. 7 — Typical lock range vs 
signal input amplitude 


AMBIENT TEMPERATURE (T,)+25°C 
VopctOV .VCOwwsSvP25Vv ,R2°0 


. 


LINEARITY — PER CENT 


AMBIENT TEMPERATURE (T, )225°C 


(2 Svbeti7 sv) 
VCO im * Vop/2. RISR2°@ 
! 


2 
t 


6 
4 
2 
) 
0 
g 
4 
2 


to-t( $v) 
i a [e.e) 


% LINEARITY®« 


AMBIENT TEMPERATURE (1, 1925°C 
Voo'!SV, VCO ws 75 V2SV, A22@ 


a 
4 
o 
1S 
g 
: 
® 
og 
br 
3 
* 
ws 
i 


'CleS0 oF 
Aa-KQ J. 100 
Fig. 6 (c) - Typical source follower 


power dissipation vs Rs. 


O 001 pF x 


U2 Sure tz sv 

2 

to-t(? $v) 
t' 


NOTE: To obtain approximate total 
power dissipation of PLL system 
for no-signal input 


LINEARITY —PER CENT 


% LINEARITY s 


— Phase Comparator I 


Py (Total) = Pp (fran) 
— Phase Comparator II 


Fig: 8(a, b) — Typical VCO linearity vs R1 and C1 
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SOLID G 
stare SB 
SCIENTIFIC 


SCL4047B 


CMOS MONOSTABLE/ASTABLE MULTIVIBRATOR 


FEATURES 


« Low Power Consumption 

= Monostable (one-shot) or (Astable) Operation 

e True and Complementary Buffered Outputs 

# Only One External R and C Required 

® Enabled with either a Low or a High Level 
in Astable Mode 

e Triggered on either a Low to High or High to 
Low Transition in Monostable Mode 

e Asynchronous Master Reset 

2 Output Pulse Width Independent of Trigger 
Pulse, in Monostable Mode 

« May Be Utilized as Free Running or Gated 
Oscillator, in Astable Mode 


DESCRIPTION 


4047B is capable of operating in either the 
monostable or astable mode. It requires an external 
capacitor (between pins 1 and 3) and an external 
resistor (between pins 2 and 3) to determine the 
output pulse width in the monostable mode, and 
the output frequency in the astable mode. 


Astable operation is enabled by a high level on 
the astable input or low level on the astable input. 
The output frequency (at 50% duty cycle) at Q and 
OQ outputs is determined by the timing components. 
A frequency twice that of Q is available at the Os- 
cillator Output; a 50% duty cycle is not guaranteed. 


BLOCK DIAGRAM 


CONNECTION DIAGRAM 


EK 
=) 
e) 
O 
wo 
O 


= 
LiJ 
vy) 
Lid 
a 
= 
>< 
LJ 

9 


ASTABLE +m 
— TRIGGER +> 


R-C COMMON tw 


Monostable operation is obtained when the de- 
vice is triggered by low-to-high transition at + trig- 
ger input or high-to-low transition at —trigger input. 
The device can be retriggered by applying a simul- 
taneous low-to-high transition to both the + trigger 
and retrigger inputs. 


A high_level on Reset input resets the outputs 
Q to low, Q to high. 


Cc 
te ee ee eed So ee ee 
7 RC : 
| COMMON TIMING 
ASTABLE O—2 C 
| COE TIMING RETRIGGER 
4 CONTROL CONTROL 
ASTABLE © 
LOW 
TRIGGERO—© preity 
ze ASTABLE 
| MONOSTABLE MULTIVIBRATOR eee 
a CONTROL vit 
+TRIGGERO (+2) 
14 
Vopo—| 
Vsso—4 ee Oo ee, eee 4 


Absolute Maximum Ratings 

Vpp DC Supply Voltage 

Vin Input Voltage 

Ts Storage Temperature 
Range 


-0.5 to + 18Vpc¢ 
—0.5to Vpp + 0.5Vo0c 


— 65°C to + 150°C 


Pp Package Dissipation 500mWw 
T, Lead Temperature 
(Soldering, 10 seconds) 300°C 


SCL4047B 


Recommended Operating Conditions 

Vpp DC Supply Voltage 3 to 15Vpc 
Vin Input Voltage Oto VopVoc 
T, Operating Temperature Range 

SCL4047BC, D, F, H — 55°C to + 125°C 
SCL4047BE — 40°C to +85°C 


ELECTRICAL CHARACTERISTICS 


STATIC CHARACTERISTICS ' 


QUIESCENT DEVICE 
CURRENT 


Vin=Vss oF Voo 
All valid input 
combinations 


NOTES: ' , Remaining Static Electrical Characteristics are listed under “40008 Series Family Specifications”. 
2 TLow = -55°C for C, D, F, H device. 
= -40° C for E device. 
Tuicu = +125°C for C, D, F, H device. 
= + 85°C for E device. 


AC ELECTRICAL CHARACTERISTICS 
Ta = 25°C, C, = 50pF 


PARAMETER! _—___{conpirios_1_wi__}__wve_{_wax_{ UNITS, 


Propagation Delay Time Astable. 
Astable to OSC Out 


tpHL. tPLH 


tpH_, teLH Astable, Astable toQQ 


tpHi, tpLy + Trigger, — Trigger toQQ 


tpHi, tpLH + Trigger, Retrigger toQQ 


tepHL tepLH Reset toQQ 


trou. tTLH Transition Time Q, Q, OSC Out 


two twH Minimum Input Pulse Duration 


+ Trigger, Retrigger, Rise and 
Fall Time 


traci: tecL 


Cin 


Average Input Capacitance 


Any Input 
Vop = 5V 
Vop = 10V 
Vpp = 15V 


Vpop = 5V 
Vpop = 10V 
Vop = 15V 


Any Input 


125 


SCL4047B 


Vop CTC* RTC 


ASTABLE (5) 4 3) RC Gq) @ 


COMMON** 


ASTABLE (4)-o> 


+ Trigger (8)—{>0 


— Trigger (6) 


Von 04)- 
Vss @ 


*INPUTS PROTECTED BY 
COS/MOS 
RESISTOR - DIODE NETWORK 


Vop 


r CAUTION: © 
Ss TERMINAL 3 IS MORE SENSITIVE 
**MODIFIED INPUT PROTECTION TOSTATICELECTRICAL DISCHARGE; 92CM-21432 EXTERNAL 
CIRCUIT TO PERMIT LARGER EXTRA HANDLING PRECAUTIONS RESET 
INPUT-VOLTAGE SWINGS ARE RECOMMENDED 
TRUTH TABLE 


TERMINAL CONNECTIONS TYPICAL OUTPUT 
INPUT PULSE | OUTPUT PERIOD OR 
FUNCTION TOVpp TOVss TO PULSE FROM | PULSE WIDTH 


Astable Multivibrator 
Free-Running 
True Gating 
Complement Gating 


Monostable Multivibrator 
Positive-Edge Trigger 
Negative-Edge Trigger 
Retriggerable 


ExternalCountdown* | 14 | (See Figure) | (See Figure) 


Note: External resistor between terminals 2 and 3. External capacitor between terminals 1 and 3. 


t,(10, 11) = 4.40 RC 
t,(13) = 2.20RC 


ty(10, 11) = 2.48 RC 


*Typical implementation of External Countdown Option 


text = (N - 1) ta + (ty + ta/2) 
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TYPICAL PERFORMANCE CHARACTERISTICS 


Typical Q, Q, Osc Out Period 
Accuracy vs Supply Voltage 
(Astable Mode Operation) 


PERIOD ACCURACY FOR Q, Q 
AND OSC OUT (%) 


Vpp — SUPPLY VOLTAGE (V) 


fg, re) R C 

1000 kHz 22k 10 pF 
100kHz 22k 100 pF 
10kHz2 220k 100 pF 
1 kHz 220k 1000 pF 
100HZ2 2.2M 1000 pF 


moOOW >} 


Typical Q, Q and Osc Out 
Period Accuracy vs Temperature 
Astable Mode Operation 


PERIOD ACCURACY FOR Q, Q, 


D (5V, 10V, 15V) 


OSC OUT (%) 


C (85V, 10V) 
- 10 C(15V) 
D (5V, 10V, 15V) 


-65-35 -5 25 55 85 115 145 
T,— AMBIENT TEMPERATURE ("C) 


fa,d R C 
A 1000kHz 22k 10 pF 

B 100kHz 22k 100 pF 
C 10kHz 220k 100 pF 
D 1kHz 220k 1000 pF 


SCL4047B 


Typical Q, Q, Pulse Width 
Accuracy vs Supply Voltage 
Monostable Mode sec 


Ox 
als) 15 
< Z 19 ae 
56 (eal a 
OQ . ae 
x a ee 
a es 
ane 
Gee TS 
a pitti tt | Pa 

5 15 
V pp — SUPPLY VOLTAGE (V) 

ty R Cc 

A 2us 22K 10 pF 
B Tus 22k 100 pF 
C 60us 220k 100 pF 
D 550s 220k 1000 pF 
E 5.5ms 2.2M 1000 pF 


Typical Q and Q Pulse Width 
Accuracy vs Temperature 
Monostable Mode Operation 


PULSE WIDTH ACCURACY FOR 


—65-35-—5 25 55 85115 145 
T, — TEMPERATURE (”C) 


tu R C 
2us 22K 10 pF 
7s 22k 100 pF 


60us 220k 100 pF 
950us 220k 1000 pF 


00OWN> 


TIMING DIAGRAMS 


Astable Mode 
OSC OUT 


PE ah 
i cre 
<—1,— >| 


Monostable Mode 
+ TRIGGER 


Q 
ete 
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TRIGGER Retrigger Mode 


RETRIGGED 


oscout__JS L_JO L_L_ 
qo_T .DhLL 


SOLID GS SCL4049UB 
STATE Ng 


SCL4050B 
SCIENTIFIC 
CMOS HEX BUFFERS/CONVERTERS 
FEATURES 
@ Direct Drive of 2 TTL/DTL Loads CONNECTION DIAGRAM 


® Operation from Single Supply 
@ Pin-for Pin Replacements for 4009UB 4010B 


(all packages) 


NC 6Y 6A NC SY 5A 4Y 


DESCRIPTION 16 15 14 13 11 10 
The 4049UB and 4050B are Inverting and Non- 4049UB 4050B 

inverting Hex Buffers, respectively, and feature logic- ? 4 

level conversions using only one supply voltage (Vcc). 

The Input-signal high level (Vi) can exceed the Voc Voc 1Y 1A 2Y 2A 3Y 3A 


supply voltage when these devices are used for logic- 
level conversions. These devices are intended for use 
as CMOS-to-DTL/TTL converters and can drive directly 
two DTL/TTL Loads. 

The 4049UB and 4050B are interchangeable with 
4009 UB and 4010B devices, respectively. In these 
applications the 4049UB and 4050B are pin-compatible RECOMMENDED OPERATING CONDITIONS 
with the 4009UB and 4010B, respectively, and can be 


: ; Nan For maximum reliability: 
substituted for these devices in existing as well as in 


new designs. Terminal No. 16 is not connected intern- DC Supply Voltage Vcc -Vss 3to15 Vde 
ally on the 4049UB or 4050B; therefore, connection to Operating Temperature TA 
this terminal is of no consequence to circuit operation. C, D, F, H Device -55 to +125 OC 
E Device -40to +85 °C 
SCHEMATIC DIAGRAMS Note: These devices contain input protection net- 


works to Vsg only. Therefore, Vip (max) 
may exceed Vcc without damage (subject 
to absolute maximum ratings). 


LOGIC DIAGRAMS 


4049UB 


8 
vss ———— 
NC e1§ 
NC +16 Y 


4049UB 
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SCL4049UB, SCL4050B 


ELECTRICAL CHARACTERISTICS 
STATIC CHARACTERISTICS ' 


i 
PARAMETER 


QUIESCENT DEVICE 
CURRENT 


CONDITIONS ee 


i ic Max. 
0 0.005] 1.0 30 
20 0.01 | 20 aati 
0.02 | 40 


Vin=Vss °F Vop 
All valid input 
combinations 


OUTPUT LOW (SINK) 
CURRENT 


Vin=Vss Or Voo 


NOTES: ! , Remaining Static Electrical Characteristics are listed under "4000B Series Family Specifications”. 
* TLow = -55°C for C, D, F, H device. 
= -40° C for E device. 
Tuicu = +125°C for C, D, F, H device. 
= + 85°C for E device. 


DYNAMIC CHARACTERISTICS (C, = S5O0pF, Ta = 25°C) 


PARAMETER V N Vec Typ 
: (Vd | Max. | Unite | 
(Vdc)}( nee] Mins | 


PROPAGATION DELAY TIME teLH 
4049UB 
io 
15 


4049UB 


OUTPUT TRANSITION TIME 


INPUT CAPACITANCE 
4049UB 
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SCL4049UB, SCL4050B 


Vos, DRAIN VOLTAGE (Vdc) 
-20 -18 -16 -14 -12 -10 -8 


3 z 
4 
ce 
2 3 
= r=] 
Fy : 
a 
i 16 18 20 
Vinx, DRAIN VOLTAGE (Vdc) 
Typical P-Channel Typical N-Channel 
Source Current Characteristics Sink Current Characteristics 


Bide es er eee jereieat es eH 
es 


OUTPUT VOLTAGE (Vo)—Vv 
OUTPUT VOLTAGE (Vo )—Vv 


INPUT VOLTAGE (Vy I— Vv INPUT voLTaee \, 1—Vv 


Typical voltage transfer characteristics as a function Typical voltage transfer characteristics as a function 
of temperature for 4049UB. of temperature for 4050B. 
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SOLID G; SCL4051B 
STATE Wa SCL4052B 
SCIENTIFIC SCL4053B 


CMOS ANALOG MULTIPLEXERS/DEMULTIPLEXERS 


FEATURES 
@ Wide Range of Digital and Analog Signal Levels: CONNECTION DIAGRAMS 
Digital-3 to 15V, Analog-to 15Vp. (all packages) 


® Low ON-Resistance: 8092 (typ.) over entire 
15V 5.» Signal-Input Range for Vpp-Veg = 15V 

® High OFF-Resistance: Input Leakage + 10pA 
(typ) @ Vpp-V_egE = 10V 

® Logic-Level Conversion for Digital Addressing 

Signals of 3 to 15V (Vpp-Vss= 3V to 15V) to 

Switch Analog Signals to 15Vp.5 (Vpp-VEE 

= 15V) 

Matched Switch Characteristics: ARoy = 592 

(typ.) for Vpop-VeEE = 18V 

® Very Low Quiescent Power Dissipation under 
all Digital Control Input and Supply Conditions: 
TUW typ. @ Vop-Vss = Vop-V_eg = 10V 

® Binary Address Decoding on Chip 


Vpop 2 


Sd 


DESCRIPTION 


The 40518, 40528, and 4053B. are Be ee ee Pe 
Digitally-Controlled Analog Switches having low 2 aaeen 
ON-impedance and very low OFF leakage current. Vop 8 A AY AX 
Control of analog signals up to 15Vp5.5 can be 
achieved by digital signal amplitudes of 3 to 15V. 
For example, if Vop = +5V, Vgg = OV, and Veg 
= -5V, analog signals from -5V to +5V can be 
controlled by digital inputs of 0 to 5V. The multi- 
plexer circuits dissipate extremely low quiescent 
power over the full Vpop - Vss and Vop - Vee 
supply-voltage ranges, independent of the logic 
state of the control signals. When a logic “1” is 
present at the Inhibit input terminal all channels 


BY BX CY COM CX INH Vee Vss 
Cc 


are OFF. 

4051B is a Single 8-Channel Multiplexer 
having three binary Control inputs, A, B, and C. RECOMMENDED OPERATING CONDITIONS 
and an Inhibit input. The three binary signals select For maximum reliability: 


1 of 8 channels to be turned ON and connect the 
input to the output. 
4052B is a Differential 4-Channel Multi- 


DC Supply Voltage Vpp-Vss 3to15 Vde 
Vpoo-VeEE 3to1S Vde 


plexer having two binary Control inputs, A and B, Operating Temperature Ta 

and an Inhibit input. The two binary input signals C, D, F, H Device 65 to +125 OC 

select 1 of 4 pairs of channels to be turned on and E Device 40 to +85 OC 

connect the differential analog inputs to the 

differential outputs. NOTE: There are no restrictions on the relative 
4053B is a Triple 4-Channel Multiplexer magnitudes of Vssg and Veg, providing 

having three separate digital Control inputs, A, B, Absolute Maximum Ratings are observed. 


and C and an Inhibit input. Each contro! input 
selects one of a pair of channels which are connect- 
ed in a single-pole double-throw configuration. 

When the devices are used as demultiplexers, 
the “CHANNEL IN/OUT” terminals are the outputs 
and the “COMMON OUT/IN” terminal(s) is (are) 
the input(s). 
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SCL4051B, SCL4052B, SCL4053B 


LOGIC DIAGRAMS 


(1}) CHANNEL OIN/OUT 
((¢) CHANNEL IN/OUT 
(is) CHANNEL 2(N/OUT 
(17) CHANNEL 3tN/OUT 
1) CHANNEL 4 {NIOUT 
(3) CHANNEL 5 IN/OUT 
) CHANNEL 6 IN/OUT 
(2) CHANNEL 7 INfOUT 


(}) COMMON OUTIIN 


amn{ i}, CHANNEL X OUTAN 


tT) CHANNEL OX tN/OUT 
1) CHANNEL 1XtN/OUT 
33) CHANNEL 2x (N/OUT 
E) CHANNEL 3X IN/OUT 
+) CHANNEL OY IN/OUT 
CHANNEL 1Y IN/OUT 
) cHaNNet 2v INOUT 
(*) CHANNEL 3Y IOUT 


(1) COMMON Y OUTAN 


Differential 4-Channel Multiplexer 


12) CHANNEL Ax IN/OUT 
3 CHANNEL Ay IN(QUT 
'D) CHANNEL Bx IN/OUT 
+) CHANNEL By IN/OUT 
») CHANNEL Cx IN/OUT 
(1) CHANNEL Cy IN‘OUT 
©) COMMON OUTIIN 

1) COMMON BOUTIN 


1) COMMON A OUTAN 


4053B 
Triple 2-Channel Multiplexer 


TRUTH TABLE 


1x, 


cy, by, ax 


* = Don’t care 
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SCL4051B, SCL4052B, SCL4053B 


ELECTRICAL CHARACTERISTICS 
STATIC CHARACTERISTICS | 


2 
Wsslv THIGH 
PARAMETER CONDITIONS ee ee oH Unie 

QUIESCENT | 160] 
DEVICE CURRENT — 
MINIMUM INPUT 3.5 |Vde 
HIGH VOLTAGE 7.0 
(Control and Inhibit 11.0 

Inputs) 


MAXIMUM INPUT 
LOW VOLTAGE 

(Control! and Inhibit 
Inputs) 


< 
a 
>) 


+ |e [i+ + 
=i [awd |=’ _ 
oOo ro) 


Any channel OFF 


All channels OFF 


I+ 
=) 
© 
NO 
I+ 
wa 
a 


Vin =Vss or Vop 
Vee SV, a a 


R, =10kQ2 


i] 
~ 
Pe 
i + 
_ iJ 
ado 
i) 
~ 
dace 
I+ 
on 
° 
ro) 


ON-RESISTANCE 
MATCH 
(Same Package) 


° 4051B 
ON-RESISTANCE lia 


NOTES: ' Remaining Static Characteristics are listed under “4000B Series Family Specifications”. 


? In certain applications, the external load-resistor current may include both Vpp and 
signal-line components. To avoid drawing Vpp current when switch current flows 
into terminals 1, 4, 8, or 11, the voltage drop across the bidirectional switch must not 
exceed 0.8 volt (calculated from Roy values shown). 

No Vpp current will flow through R,_ if the switch current flows into terminals 2, 3, 
9, or 10. Failure to observe this condition may result in distortion of the signal. 
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SCL4051B, SCL4052B, SCL4053B 
ELECTRICAL CHARACTERISTICS (Continued) 
DYNAMIC CHARACTERISTICS (C, =5OpF, Ta = 25°C) 


Vv V V 
PARAME DITIONS ss DD EE Typ. Max. Unit 
TER CONDITIO «ae | evade) | (ve) Min, yp ax nits 


SIGNAL INPUTS (V,,) AND OUTPUTS (Vos) 


PROPAGATION DELAY |te_y 
TIME tere 
Signal Input to Signal Inh = Vgg5 30 ns 
Output Vin=Vss or Voo 15 
Vis= Square Wave 12.5 
Ry_ = 10k2 


BANDWIDTH (-3dB) 
(Sine Wave) 


WwW 


INSERTION LOSS 


Vos 


= 201 ae 
( 0910 Ve ) 


SIGNAL DISTORTION 
(Sine Wave) . 


FEEDTHROUGH 
(-40dB) 


CROSSTALK (-40dB) 
Between two switches 


CAPACITANCE 
Input 


nae ; 
Common 


Feedthrough 
CONTROL INPUTS 


Lest 
TIME! Pin Inh = Vgg 7.5 | -7.5 ns 
teat |Vee<Ve<Voo [_O a Ee eee ee 
Turn on eae | - [25 | 450 
| o | | - [160 | 320 
| -2.5 | | - |400 | 800 | 
o7 | - {360 | 720 | 
INHIBIT INPUT 
fo | s | - | | 320 
TIME | oT fo [| - J[120 | 240 | 
fo [+s |-s | - [20 | 400 | 
Turn on | o [+o |o | - |t60 | 320 | 
[|-25 | +25 |-25 | - | 400 | sco | 
fo [+5 |o | - |360 | 720 
INHIBIT RECOVERY VineVesorVoo|_o | +75 |-75 | - |150 | 300 | as 
TIME? Vee<Ve<Vop|_ o [+15 | o | - | 80 | 160 
rR=10K2 | o | +5 |[-5 | - | 200 | 400 
fo |+o0 {[o | - [05 | 20 
| -25 | +26 |-25 | - | 300 | 600 
po | fo | - [2 | 450 


Notes: ' Channe! Overlap time — interval following change of control input during which two channels may be ON simultaneousty. 
2 Interval following removal of Inhibit during which channel information is invalid. 


134 


SCL4051B, SCL4052B, SCL4053B 


0] SUPPLY VOLTAGE Vop° SV - : 
Vgg*0¥ Veg -SV 2) eee Oxo 


AMBIENT TEMPERATURE (Tal #25°C are tear i 


AMBIENT TEMPERATURE 
* (Tals 25°C 


o 


, SUPPLY VOLTAGE: - 
H'YDO- see 25v 


ad 


w 
2 wn 
£ - 
°o -) 
$ 
> t 
w 
~ oO 
ts = 
z : 
. : 
ve a 0 
Al °o 
w 
ws > 
t a 
2 q 
3 z 
: 4 
_ nn 
> - 
2 > 
q a 
4 ra 
>] 
¥ rod 


INPUT SIGNAL VOLTAGE (V,.) — VOLTS 


Typical “ON” characteristics 


SUPPLY VOLTS: Vpo°+5, vsg°-5 RF VOLTMETER 
INPUT SIGNAL VOLTS (V,9)* 5 Vp-p i BOONTON RADIO 
SINE WAVE (1 77AMS) On Couns “Ca 

CONTROL VOLTS (V¥c)=45 
@ LOAD CAPACITANCE © (Ceix Cue TER) 


SUPPLY VOLTS Voo**5, Vssg*-5 

CONTROL VOLTS (Vc)e-5 

INPUT SIGNAL VOLTS (V,,)°5 Vp-p SINE WAVE (1.77 RMS) 
Oh LOAD CAPACITANCE (CL)*CrixtuRE *CMETER 

IFIMTURE AND METER NULLED OUT 


£198: 6.07 GRE: 
al tet VR T METER ' +7 


| 
"TF 

0 he 

i | { ‘ “S. 
“LOAO RESISTANCE (Rotman 


QUTPUT SIGNAL RMS MILLIVOLTS 1V95) 
ATTENUATION (a6) 


OUTPUT SIGNAL RMS 
VOLTS (Vo) 


INPUT SIGNAL FREQUENCY (t),) mere INPUT Gionat pabauenc’ (tis) a 


Typ. switch frequency response-switch “ON” Typ. feedthru vs. freq. — switch “OFF” 


SCHEMATIC DIAGRAM 
SUPPLY VOLTS .Vop°+5; Vsg*-5 OF ONE SWITCH 


INPUT SIGNAL VOLTS (Vig)? 5 Vp.p SINE WAVE 7? RS) 
30} FIXTURE ANDO METER NULLEO OUT 
re ee ee SWITCH 
CONTROL 
NN 


Vv ve. AF VOLTMETER 
C' "SS BOONTON RACIO 
E MODEL 91-CA 


CONTROL 


vi 
Vos (B) c 


We 
ae, mat 
2 oF 4 ae mal 


Seti sonar ao waars (—- ci 


OUTPUT SIGNAL RMS MILLIVOLTS (Vo_) 


FROM OECOOER 


Typ. crosstalk. between switch circuits in the same 
package 
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SOLID NG 


STATE SCL4060B 
SCIENTIFIC 
CMOS 14-STAGE COUNTER AND OSCILLATOR 
FEATURES 
@ 14 Fully Static Stages CONNECTION DIAGRAM 
10 Buffered Outputs Available (all packages) 
; Common Reset Line 
8MHz C ing R @ 10Vd 
@ All Rte Gea coments on Chip for Vppa10 a8 a9 RG G 


R-C or Crystal Control 


DESCRIPTION 


The 4060 B consists of an oscillator section 
and 14 ripple-carry binary counter stages. The 
Oscillator configuration allows design of either R-C 
or crystal oscillator circuits. A Reset input is 
provided which resets the counter to the all-0's 
state. A high level on the Reset line accomplishes 
the reset function. The state of the counter is ad- 
vanced one step in binary order on the negative 
transition of the Clock input @. All inputs and out- 
puts are fully buffered. Outputs are available from 
stages 4 through 10 and 12 through 14. 

Applications include timers, frequency dividers, 
delay circuits and counter controls. 


TRUTH TABLE 
Fo no crense 
=. Bapefovbed next 
ae OR OS 


xX = Don’t Care 


15 14 13 12 11 10 


4060B 
3.4. 45 


Q12 Q13Q14 Q6 Q5 Q7 Q4 Vgs 


Add suffix for package: 


16-pin Cerdip 
16-pin Ceramic 
16-pin Epoxy 
16-pin Flat 
Chip 


RECOMMENDED OPERATING CONDITIONS 


For maximum reliability: 


DC Supply Voltage Vpp-Vss 3to15 Vo 
Operating Temperature Ta 
C, D, F, H Device -55 to +125 °C 
E Device 40 to +85 °C 


LOGIC DIAGRAM 


SCL4060B 


| ELECTRICAL CHARACTERISTICS 
STATIC CHARACTERISTICS' 


v Tian? 
PARAMETER DD | CONDITIONS HIGH 
wee | Min, | Max. | Min. | Typ. | Max. | Min. | Max. | 
5 ae 


QUIESCENT DEVICE ise 
CURRENT 


NOTES: ' Remaining Static Electrical Characteristics are listed under “40008 Series Family Specifications”. 
2 TLow =-55°C for C, D, F, H device. 
= -40°C for E device. 
Tuicu = +125°C for C, D, F, H.device. 
=+ 85°C for E device. 


DYNAMIC CHARACTERISTICS (C, = 50pF, Ta = 25°C) 


PARAMETER 


CLOCKED OPERATION 


PROPAGATION DELAY TIME 
Clock to Q4 


Qj to Qj + 4 


OUTPUT TRANSITION TIME 


MINIMUM CLOCK PULSE WIDTH 


MAXIMUM CLOCK FREQUENCY 
MAXIMUM CLOCK RISE AND FALL TIME 


RESET OPERATION 


PROPAGATION DELAY TIME 
MINIMUM RESET PULSE WIDTH 


RESET REMOVAL TIME 
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SCL4060B 


Vos, DRAIN VOLTAGE (Vée) 
-20 -18 -16 -14 -12 -10 -8 -6 - 


2 
< 
E 
— 
= 
yd 
< 
& 
= 
oO 
= 
[=] 


(3pyw) LNZUUND NivuO "I 


6 8 10 12 14 16 18 
Vos. DRAIN VOLTAGE (Vdc) 


Typical P-Channel Typical N-Channel 
Source Current Characteristics Sink Current Characteristics 


TIMING DIAGRAM 


1 2 4 8 16 32 64 128 256 512 1024 2048 4096 8192 16,384 


cok LEILILFU LU Uo UW U U U U UW UW U UU UW Ww 
Reset 
eee 


a a ee es a ss ee a a ee Le 
6 ee a ee se 
0 te ef ~The: 
ee a ee ee ea Se, 
Ge es te ty ey ee ete, 
CC ee ee eS 
Ce eee, ito es 


9a as, ee 
ai3 ~ “aaa SH os 


aqai14 


TYPICAL COUNTER STAGE 
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SCL4060B 
APPLICATIONS INFORMATION 


TYPICAL COMPONENT VALUES AND CIRCUIT PERFORMANCE 


14 STAGE 
COUNTER 


1 
— Vv tov 
1s >> mc, © 00° 


Cy> 100 pF 
Ry>IKQ 
Rg 310 Ry 


Typical RC oscillator circuit 


5M92 S R¢S 100MQQ 
Ro~ (5X—> 10X) Rs(XTAL) 
CsCT 


CgtCq  CLI(XTAL) 


Typical crystal oscillator circuit 


$m PIND 


Yoo 


For Ope COMPONENT erty 
OPERATION FROM 60 

INPUT AT Vop ° 3 TO1S VOLTS: 

Rs #150 KN 

Ry #390 KN 


(FOR USE WHEN INPUT SIGNALS WITH 
SLOW RISE-FALL TIME ARE USED 
AS CLOCK) 


Input pulse-shaping circuit (Schmitt trigger) Input circuit characteristics for pulse-shaping 
circuit. 
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SOLID 
STATE Ng 
SCIENTIFIC 


SCL4066B 


FEATURES 


@ Transmission or Multiplexing of Analog or 
Digital Signals 
8002 Typical ON-Resistance for 15-Volt oper- 
ation 
Switch ON-Resistance Matched to within 502 
over 15-Volt Signal-Input Range 
ON-Resistance Flat over Full Peak-to-Peak Sig- 
nal Range 
High Degree of Linearity: 
< 0.5% Distortion (typ) @ fjg = 1kHz, 
Vis = 5Vp.p. Vpp-Vss 2 10V, Ry = 10k22 
Extremely Low OFF switch Leakage Resulting 
in very Low Offset Current and High Effective 
OFF Resistance: 
10pA (typ) @ Vpp-Vss= 10V, Ta= 25°C 
@ Extremely High Control Input Impedance (Con- 
trol Circuit Isolated from Signal Circuit): 
1012 (2 (typ) 
@ Low Crosstalk between Switches: 
-50dB (typ) @ fj, = 0.9MHz, Ry = 1kS2 
@ Matched Control-Input to Signal-Output Capac- 
itance Reduces Output Signal Transients 
@ Frequency Response, Switch ON = 40MHz (typ) 


e¢- © & @ 


DESCRIPTION 


The 4066B is a Quad Bilateral Switch intended - for 
the transmission or multiplexing of analog or digital 
signals. It is pin-for-pin compatible with the 4016B, but 
exhibits a much lower ON-resistance. In addition, the ON- 
resistance is relatively constant over the full input signal 
range. The 4066 consists of four independent bilateral 
switches. A single control signal is required per switch. 
Both the P and the N device in a given switch are biased 
ON or OFF simultaneously by the control signal. As 
shown below, the well of the N-channel device on each 
switch is either tied to the input when the switch is ON or 
to Vss when the switch is OFF. This configuration 
minimizes the variation of the switch-transistor threshold 
voltage with input-signal, and thus keeps the ON- 
resistance low over the full operating range. 


SCHEMATIC DIAGRAM (one of four switches) 


SWITCH 


NORMAL OPERATION 
CONTROL-LINE_ BIASING. 
SWITCH ON,Vc"l’* Vo 
SWITCH OFF, Vc “O" *Vss5 


CONTROL 
vi 


SIGNAL-LEVEL RANGE 
Vss S Vis 2Vop 
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CMOS QUAD ANALOG SWITCH 


CONNECTION DIAGRAM 
(all packages) 
Switch 

A Switch D Switch C 
ee 


ie adam 
IN OUT OUT IN 


_—~ 
Vpp C Cc 


IN OUTOUT IN  C C Vgg 
eee! —_ 


Switch A Switch B Switeh 


RECOMMENDED OPERATING CONDITIONS 


For maximum reliability: 


DC Supply Voltage 3to15 Vde 


VpD - Vss 
Operating Temperature Ta 
C, D, F, H Device 


E Device 


-+55to +125 OC 
40to +85 °C 


The advantages over single-channel switches include 
peak input-signal voltage swings equal to the full supply 
voltage, and more constant ON-impedance over the 
input-signal range. For sample-and-hold applications, the 
4016 is recommended. When the control input is high 
the switch will be ON. When the control input is low the 
switch will be OFF. 


LOGIC DIAGRAM 


= —omeut 

o t+>---- switewa 
CONTROL . 

Li © OUTPUT 


a 
merut 


switcnes 


+ 
a 1 
CONTE 
( 


cies ad ‘nag 


L ou 


TPUT 
i] 
———2 put 
” 
“ SwITCHO 
contRot ‘ie 
outrur 


VOD = Prete 
VSSz PIN? 


WITCH 
° 


SCL4066B 
ELECTRICAL CHARACTERISTICS 


STATIC CHARACTERISTICS 


SeaMeatA ear Voo| Trow? | 2° | Tic 
(Vale) | (Ve) Fin, [ Max. | Win. | Typ. [ Max. [ Min, [ Max] 
QUIESCENT DEVICE 
CURRENT Vin= Vss or Voo : 0.05 pAdc 
All valid input 0.1 
combinations 0.2 
MINIMUM INPUT HIGH 
3.5 3.5| Vde 
7.0 7.0 
11.0 11.0 


0.0005 
0.001 


0.002 


VOLTAGE 
(Control Input) 


MAXIMUM INPUT LOW 
VOLTAGE 
(Control Input) 


SWITCH INPUT/OUTPUT 
LEAKAGE 


ON-RESISTANCE 


Vin 

Vit 
ON-RESISTANCE MATCH ARon 
(Same package) 


NOTES: ' Remaining Static Electrical Characteristics are listed under 40008 Series Family Specifications . 
2 TLow = -55°C for C, D, F, H device. 
= -40°C for E device. 
Tuicn = +125°C for C, D, F, H device. 
= + 85°C for E device. 


3 Conditions for measuring Vjy;: 


Ve =Vpo 

Vis = Vss/Vopb 

_ Voo—Vss 
2 


Ry = 10k $2 


Vos 


Vis = Vss/Voo 
Voo—Vss 


Vos = 
2 


los 
Voo Vos Vis TLow 25°C THIGH UNITS 
5 5 4.6 — .25 — .20 —.14 
10 10 9.5 — 62 -— .50 — 35 mA 
15 15 13.5 ~18 — 1.50 -1.10 | 
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SCL4066B 
ELECTRICAL CHARACTERISTICS (Continued) 


DYNAMIC CHARACTERISTICS (C, = 50pF, T, = 25°C) 


Vss Vop : . 
PARAMETER CONDITIONS Min. | typ. | Max. | Units 


SIGNAL INPUTS (V;,) AND OUTPUTS (V,,) 


teLH,| Ve=Vopo 
teu | Vis=Square 
Wave 


BW 


PROPAGATION DELAY TIME 


Signal Input to Signal Output 


BANDWIDTH (-3dB) 
(Sine Wave) 


INSERTION LOSS 


(=20 logio yo 
is 


SIGNAL DISTORTION 
(Sine Wave) 


FEEDTHROUGH [-50dB) 


CROSSTALK (-50dB) 
Between two switches 


CAPACITANCE 
Input 


Output 
Feedthrough 
CONTROL INPUT (Vc) 


PROPAGATION DELAY TIME 
Turn on 


VssSVisSV pp 
Ri = 10k2 


MAXIMUM INPUT 
FREQUENCY 


VssSVisSV op 
Ri = 1.0kQ 


CROSSTALK 
(To signal port) 


V.= Square Wave 
Ry, = 10kQ 
Rin = 1.0kQ 
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SCL4066B 


D] SUPPLY VOLTAGE Vop* SV 
Vsg °-SV 
AMBIENT TEMPERATURE (Tg) *25°C 


4 senestecuncessose 


fit Seuccnenses sess 


eee 8B aRaRee 
a 
TAT TI TIN von Vss)* |: 
auagas 5g B OEM 
a tyyigs 
is + fli 
TE Hr 
PtH Hie atts 
i ala 
5 ee bei 
siti Se aie 
saeddapesisnesithiishs ta 
Ste Gagapiasiittiset excel raley 


Ht} ea aa se aa Tif 
a Hutt 
HTT biti i 
8 


-6 -4 -2 
SIGNAL VOLTAGE wil - VOLTS 


350] amBieNT TEMPERATURE HHT HS Seda spaase 
(Ta) 25°C secenrss 
53 ae 


”n 
| Mg 
= a 
o ° 
I > 
3 ul 
2 o 
Ra > 
hss — 
z ° 
< <q 
Lg ras 
FA 3 
o > 
: 2 
z 

° rd 
=) 17) 
Z 5 
z a 
a - 
x > 
vo °o 


ALL UNUSEO TERMINALS 
ARE CONNECTED TO Vss 
2 4 
INPUT SIGNAL VOLTAGE (V,,) — VOLTS 


Typical channel ON resistance vs. signal voltage for Typical ON characteristics for 1 of 4 channels. 
three values of supply voltage (Vpp-Vss) 


siray nonae oors (aes ve Eee aS 

INPUT SIGNAL VOLTS (Vig)* 5 Vp-p A0t 
SINE WAVE (1.77 RMS) tate -CA 

CONTROL VOLTS (Vc)=+5 

@ LOAD CAPACITANCE *(Crix *Cue TER) 


SUPPLY VOLTS Voo?* 5. "ss" -§ 

CONTROL VOLTS (Vc}e-5 

INPUT SIGNAL VOLTS (V,,)*°5 Vp-p SINE WAVE (1.77 RMS) 
LOAD CAPACITANCE (CL)*CFix TURE *CMETER 

iFIXTURE AND METER RuCLer ouT 

ClOStes TRE | 


ws vormeres fT 
BOONTON RADIO 


OUTPUT SIGNAL RMS MILLIVOLTS (Vos) 
ATTENUATION (db) 


OUTPUT SIGNAL RMS 
VOLTS (Vos) 


yj i 

7) r) m7 
10 % ast 

INPUT SIGNAL FREQUENCY ae 


46 


INPUT SIGNAL FREQUENCY (f,,) MHz 


Typ. switch frequency response - switch “ON” Typ. feedthru vs. freq. — switch “OFF” 


SUPPLY VOLTS: Vop*+5, Vss°-5 
INPUT SIGNAL VOLTS (Vigh* 5 Vp.p SINE WAVE (177 RMS) 
30f FIXTURE ANO METER NULLED OUT 


hYid Edt t ty 
Vo *¥o0 il a 


te eal + 20n8 


Vey, RF VOLTMETER 
C "SS BOONTON RADIO 
of MODEL 91-CA 

N i OR EQUIV 


Coenen 
ae Ga 


2 OF 4 SWITCHES 


ALL UNUSED TERMINALS 
ARE CONNECTED TO Vss 


OUTPUT SIGNAL RMS MILLIVOLTS (Vos) 


INPUT SIGNAL FREQUENCY (f,,)— bHz 


Typ. crosstalk between switch circuits in the same Test circuit, crosstalk-control input to signal output 
package 
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SCL4066B 


SPECIAL CONSIDERATIONS — 40668 


1. In applications where separate power sources are used to drive Vpp and the signal 
inputs, the Vpp current capability should exceed Vpp/Ri (Ry = effective external 
load of the 4 4066B bilateral switches). This provision avoids any permanent 
current flow or clamp action on the Vpp supply when power is applied or removed 
from 4066B. 


2. In certain applications, the external load-resistor current may include both Vpp and 
signal-line components. To avoid drawing Vpp current when switch current flows 
into terminals 1, 4, 8, or 11, the voltage drop across the bidirectional switch must not 
exceed 0.8 volt (calculated from Ron values shown). 

No Vpp current will flow through R\_ if the switch current flows into terminals 2, 3, 
9, or 10. Failure to observe this condition may result in distortion of the signal. 


APPLICATIONS INFORMATION 


b) SPOT 


6) OPOT 


c) OPST 


Vosal Vosa2 
O—- ots 
Yossi Vose2 
8. cB 


Vise 


'c3 
SELECT © 


TTL 
CONTROL 


@ 
v 
‘ 
- 
q 
Oo 
w 
O 
q 
~- 
) 
) 
> 


FREQUENCY - Hz 


AL (VOLTAGE GAIN BELOW BREAK FREQUENCY) 
R 
Ry 
t, (BREAK FREQUENCY) = —..+. 
27RyCy 


& (UNITY GAIN FREQUENCY) = -.._-. 
2°RyCy 


MAX ATTENUATION = ‘PS: 


Active Low Pass Filter with Digitally Selected Break Frequency 
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SOLID <> 
STATE SB 
SCIENTIFIC 


FEATURES 

@ Fully “B”-Series Compatible 
@ Diode Protection on all Inputs 
@ Pin Compatible with 74C04 


DESCRIPTION 


The 4069UB consists of six CMOS inverter circuits. 
The device is intended for general-purpose inverter 
applications where the higher output drive and level- 
shifting feature of the 4009UB and 4049UB are not re- 
quired.* The 4069UB is particularly useful for quasi- 
linear circuits such as oscillators (See Applications 
Information). 


*For pin-to-pin compatibility with the 4009UB and 4049UB, 
the 4449UB is available. 


SCHEMATIC DIAGRAM 
(one of six inverters) 


Voo 


Yoo | 
Y 
ACO 
103,5,9, 00,03) 2(4,6,8,10,12) 


a 
{ 
2 
Lal 
— 
2 
tad 
& 
& 
. 2 
1o 
2 
@ 
4 
a 


anh Tee 
SLY s 
EN Aitiiftes: 
~aaRg 
ab bs ee Spe cse8 hd 


75 10 (25 15 
ineut VOLTAGE (vz) —Vv 


Typical current and voltage transfer characteristics 
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SCL4069UB 


CMOS HEX INVERTER 


CONNECTION DIAGRAM 
(all packages) 


Vpp 6A 6Y SA SY 4A ay 


4069UB 
4 ,) 


1A 1Y 2A 2Y 3A 3Y Vogg 


RECOMMENDED OPERATING CONDITIONS 


For maximum reliability: 


DC Supply Voltage 3to15 Vdc 


Vpp - Vss 
Operating Temperature Ta 
C, D, F, H Device 


E Device 


-55 to +125 PC 
40to +85 °C 


LOGIC DIAGRAM 


SCL4069UB 
ELECTRICAL CHARACTERISTICS 


STATIC CHARACTERISTICS’ 
a ae a te fun 
| Max. | 


Voo 

CONDITIONS 

mae | Min. | Max.| Min. | Typ. [ Max. | Min. | 

Vin=Vss or Voo 0.000 0.05 1.5 BAdc 
0.001 ; 0.10 3.0 
0.002 | 0.20 6.0 


All valid input 
combinations 
NOTES: ' Remaining Static Characteristics are listed under "4000B Series Family Specifications”. 
* TLow = -55°C for C, D, F, H device. 
= -40°C for E device. 
THIGH =+125°C for C, D, F, H device. 
=+ 85°C for E device. 


PARAMETER 


QUIESCENT DEVICE 
CURRENT 


DYNAMIC CHARACTERISTICS (C, = 50pF, Ta = 25°C) 


PROPAGATION DELAY TIME 


OUTPUT TRANSITION TIME 


Vos: DRAIN VOLTAGE (Vdc) 
-20 -18 -16 -14 -12 -10 -8 -6 
Vis = 15 Vde 


Ves =- 10 Vde ot 


o 
ua 
< 
E 
— 
z 
id 
ce 
4 
—) 
oe 
= 
« 
c 
i=) 


(opyw) INJHUND NivHO “'s 


6 8 10 12 14 
Vis, DRAIN VOLTAGE (Vdc) 


Typical P-Channel Typical N-Channel 
Source Current Characteristics Sink Current Characteristics 


APPLICATIONS INFORMATION 


1/4069 
yd a0n9 


Rs * 
; eat (aaa ~ 


Ry 


SME) Re VOOM! 


RR. (9X -1OX1R. wa. UPPER SWITCHING POINT 


Vp * 


CC; 
Cy Cy 


Rg + Ry Voo 
inal Tes 3 


C, modAL 
LOWER SWITCHING POINT 
Ri~ Rs Von 

Ry 2 
BE SURs 


22R:C, 


Vy ™ 
R. (2X -10X: R, 


Typical crystal oscillator circuit Typical RC oscillator circuit Input pluse shaping circuit (Schmitt 
Trigger) 
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SOLID <> 
STATE NZ 
SCIENTIFIC 


FEATURES 

Buffered Outputs 

Diode Protection on all Inputs 

Fully “B”-Series Compatible 

Pin Compatible with 4030 types, MC14507, 
74C86 


Se a ed 


DESCRIPTION 


The 4070B contains four independent ex- 
clusive-OR gates integrated on a single monolithic 
silicon chip. Each exclusive-OR gate consists of five 
N-channel and five P-channel enhancement-mode 
transistors, plus output buffering devices. 


TRUTH TABLE 
_ (one of four gates) 


ae eee 


Where 1 = High Level 
O = Low Level 


LOGIC DIAGRAM 


SCHEMATIC DIAGRAM 
(one of four gates) 
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SCL4070B 


CMOS QUAD EXCLUSIVE-OR GATE 


CONNECTION DIAGRAM 
(all packages) 


Vop 48 4A 4Y 3Y 3B 3A 


1A 18 1Y 2¥Y 2A 2B Vgs 


Add suffix for package: 


14-pin Cerdip 
14-pin Ceramic 
14-pin Epoxy 
14-pin Flat 
Chip 


RECOMMENDED OPERATING CONDITIONS 
For maximum reliability: 
Vop - Vss 
Ta 


DC Supply Voltage 3to15 Vdc 


Operating Temperature 
C, D, F, H Device 
E Device 


-55 to +125 OC 
40 to +85 °C 


Note: The 4070B is identical to the 4030B; 


the devices are fully interchangeable in all 
applications. 


FUNCTION DIAGRAM 


SCL4070B 


ELECTRICAL CHARACTERISTICS 
STATIC CHARACTERISTICS ' 


in | Mex. in| Typ. [| Min | Mae 


0.05 0.0005} 0.05 
0.10 0.001 | 0.10 
0.20 0.002 | 0.20 


NOTES: ' Remaining Static Electrical Characteristics are listed under “4000B Series Family Specifications”. 
* TLow = -55°C for C, D, F, H device. 
= -40°C for E device. 
THiGH = +125°C for C, D, F, H device. 
=+ 85°C for E device. 


CONDITIONS 


QUIESCENT DEVICE 
CURRENT 


Vin =Vgs Or Vop 
All valid input 
combinations 


DYNAMIC CHARACTERISTICS (C, = 50pF, T, = 25°C) 


Vop : 

PARAMETER (Vde) Min. | Typ. 
ieee oe 
wdiemedien mas ee 


Vos DRAIN VOLTAGE (Vdc) 
-20 -18 -16 -14 -12 -10 -8 


lo, DRAIN CURRENT (mAdc) 


(opyw) IN3HUND NIvUG ‘*) 


10 
Vos, DRAIN VOLTAGE (Vdc) 


Typical P-Channel ‘Typical N-Channel 
Source Current Characteristics Sink Current Characteristics 


APPLICATIONS INFORMATION 
8-BIT TWO’S COMPLEMENT ADDER/SUBTRACTOR 


4070B 


S-1S 4S -B C+ $F $2 
VAVAUAU/EMUAULU 
‘or ee ee ae Pe ee eee 


Cj 4008B 


Two’s complement numbers and 


107» A0D $)...0°%1. ge t%g their equivalent decimal values 
t #gueTRACT 


2-LEAST SiGMIFIC ANT GIT 
@-MOST SIGNIFICANT BIT (Sic BIT) 
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<> SCL4071B 
STATE Ng SCL4072B 
SCIENTIFIC SCL4075B 


CMOS OR GATES 


4071B - Quad 2-Input OR 


4072B - Dual 4-Input OR CONNECTION DIAGRAMS 
4075B - Triple 3-Input OR (all packages) 
FEATURES 
@ Buffered Outputs 


@ Diode Protection on all Inputs 
@ Fully “B’’-Series Compatible 


Vpp 48 4A 4Y 3Y 38 3A 


TRUTH TABLE 


00...0 
All other combinations 


RECOMMENDED OPERATING CONDITIONS 
For maximum reliability: 


13 2Y DC Supply Voltage Vpp-Vsgs 3to15 Vdc 
Operating Temperature Ta 

=A+B+C+0O C, D, F, H Device 55 to +125 OC 

E Device 40to +85 °C 


for all Devices 
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SCL4071B, SCL4072B, SCL4075B 


-20 -1 


ELECTRICAL CHARACTERISTICS 


STATIC CHARACTERISTICS ' 
CONDITIONS | tC | Tuc? 
ra sees] pee imma tae 


(ae) 
VIN =Vss or Voo 0.05 0.05 1.5 |puAdc 
All valid input ; 0.10 3.0 
combinations 0.20 6.0 


NOTES: ' Remaining Static Electrical Characteristics are listed under 4000B Series Family Specifications”. 
TLow = -55°C for C, D, F, H device. 
= -40°C for E device. 
Tic = +125°C for C, D, F, H device. 
= + 85°C for E device. 


PARAMETER 


QUIESCENT DEVICE 
CURRENT 


0.0005 
0.001 


DYNAMIC CHARACTERISTICS (C, = 50pF, Ta = 25°C) 


PROPAGATION DELAY TIME 


OUTPUT TRANSITION TIME 


Vos, DRAIN VOLTAGE (Vdc) 
“16-14 -12 -10 -8 -6 


troH. STHL 


mo 
(r 
a] 
< 
Ee 
— 
= 
r 4 
as 
4 
4 
= 
o 
= 
—) 


(3pyw) IN3HUND NIVUG ) 


10 12 14 
Vos. DRAIN VOLTAGE (Vdc) 


Typical P-Channel Typical N-Channel 
Source Current Characteristics Sink Current Characteristics 
LOGIC DIAGRAMS SCHEMATIC DIAGRAM 4072B (1 of 2 gates) 
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SOLID <> 
STATE SB 
SCIENTIFIC 


FEATURES 


@ 3-State Outputs with Gated Control Lines 

@ Fully Independent Clock 

@ Asynchronous Reset 

@ Fully Static Operation - DC to 12MHz @ 10Vdc 


DESCRIPTION 


The 4076B 4-bit Register consists of 
four D-Type flip-flops operating synchronously 
from a common Clock. OR-gated Output Disable 
inputs force the outputs into a high-impedance 
state for use in bus-organized systems. OR-gated 
Data Disable inputs cause the Q outputs to be fed 
back to the D inputs of the flip-flops. Thus, they 
are inhibited from changing state while the clock- 
ing process remains undisturbed. An asynchronous 


Master Reset is provided to clear all four flip-flops . 


simultaneously independent of the Clock or Dis- 
able inputs. 


TRUTH TABLE 


Data Input 
Disable 
G1 G2 


at 
D 
x 
X 
x 
x 
1 

0 

X 
X 


oo o0cioulU«te“‘“‘iaewlUlcOlL 
x x oO xX ~*~ KK 
x x« oO =~ K KX 


oo °77 00 0°]0 


When either Output Disable M or N is high, the outputs are 
disabled (high impedance state); however sequential operation 
of the flip-flops is not affected. 

1 = High Level X = Don’t Care 

0= Low Level NC = No Change 
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SCL4076B 


CMOS 4-BiT D-TYPE REGISTER 


CONNECTION DIAGRAM 
(all packages) 


DATA 
DISABLE 


me 
D2 D3 D4 G2 G!i1 


N Q1 Q2 Q3 Q4 CL Vsg 


OUTPUT 
DISABLE 


Add suffix for package: 


16-pin Cerdip 
16-pin Ceramic 
16-pin Epoxy 
16-pin Flat 
Chip 


RECOMMENDED OPERATING CONDITIONS 
For maximum reliability: 
DC Supply Voltage Vpp-Vssg 3to15 Vdc 


Operating Temperature TA 
C, D, F, H Device -55 to +125 OC 
E Device 40 to +85 °C 


BLOCK DIAGRAM 


Output 


Disable Q4 


Voo = Pin 16 
Vss 7 Pin8 


SCL4076B 


ELECTRICAL CHARACTERISTICS 
STATIC CHARACTERISTICS ' 


PARAMETER Vop | CONDITIONS 
(Vde) 


QUIESCENT DEVICE 
CURRENT 


| Min. | Max. | Min. | Typ. | Max.| Min. | Max. | 


Vin=Vss or Vop 
All valid input 


NOTES: ' Remaining Static Electrical Characteristics are listed under “4000B Series Family Specifications”. 
2 TLow = -55°C for C, D, F, H device. 
= -40°C for E device. 
Tuicu = +125°C for C, D, F, H device. 
=+ 85°C for E device. 


DYNAMIC CHARACTERISTICS (C, = 50pF, T, = 25°C) 


Vop 


CLOCKED OPERATION 


PROPAGATION DELAY TIME 
Clock to Q tpLH, teHLe 


Output Disable to Q tpyz, tpLz 


MINIMUM SETUP TIME 
Data Inputs 


Data Disable Inputs 


MINIMUM HOLD TIME 
All Inputs 


RESET OPERATION 
PROPAGATION DELAY TIME 


MINIMUM RESET PULSE WIDTH 


RESET REMOVAL TIME 


1 When units are cascaded, the maximum rise and fall times of the clock input should be equal to or 
less than the transition times of the data outputs driving data inputs, plus the propagation delay of 
the output driving stage for the output capacitive load. 
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SCL4076B 


Vos, DRAIN VOLTAGE (Vdc) 
-20 -18 -16 -14 -12 -10 -8 -6 


2 
te 
2 
= 
FE 


(spyus) inzuuND NivUG 


8 10 12 14 16 18 20 
Vos, DRAIN VOLTAGE (Vde) 


Typical P-Channel Typical N-Channel 
Source Current Characteristics Sink Current Characteristics 


THREE-STATE PROPAGATION DELAY 
TIMING DIAGRAM WAVESHAPE AND CIRCUIT 


Output 


—~| Input Rise and Fall 20 ns Oisabie 
| 90% be 
D aput 50% lea 
information 10% 
-—vV 
+ lthoig >thoid 


! 
lsstupaet i “setup ere lee AnyQ 
a ; Outout =25V@Vop~ SV. 
Clock : | 5 10 V, and 1S V 
zs 6V@VoHp7 10V 


PWH-=t--- PWe —— 
= 10V@ Voo* 18 V 


Output —v 
tPLH —- — : P Outputs of Outputs eee oe 


Q Sura Connected Oisconnected Connected 


Any Q 
Output 


Reset = 0 Voo for terz and tez, 
Data Disable G1 and G2 = 0 Vsg for tpyz and te2n 
Output Disable M and N = 0 


Output Disable M 1 
Output Disable N 2 


Oata Disable Gi 9¢ 
Data Disable G2 10 o 


Clock 70 


Reset 15 © 
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SOLID NG 


STATE $CL4077B 
SCIENTIFIC 

CMOS QUAD EXCLUSIVE-NOR GATE 
FEATURES 
¢ Buffered Outputs CONNECTION DIAGRAM 
# Diode Protection on all Inputs (all packages) 


@ Fully “B’’-Series Compatible 


Vpop 4B 4A 4Y 3Y 38 3A 


DESCRIPTION 


The 4077B contains four independent ex- 
clusive-NOR gates integrated on a single monolithic 
silicon chip. Each exclusive-NOR gate consists of 
five N-channel and five P-channel enhancement- 1A 18 1¥ 2Y 2A 2B Vgg 
mode transistors, plus output buffering devices. 


Add suffix for package: 


TRUTH TABLE 
(one of four gates) 


14-pin Cerdip 
14-pin Ceramic 
14-pin Epoxy 
14-pin Flat 
Chip 


RECOMMENDED OPERATING CONDITIONS 
For maximum reliability: 


h 1 = High Level 
seas O= ee ps DC Supply Voltage Vpp-Vsg 3to15 Vde 
Operating Temperature Ta, 
C, D, F, H Device -55 to+125 OC 
Coole DIAGRAM E Device 40 to +85 OC 
(one of four gates) 


we > 


SCHEMATIC DIAGRAM 
(one of four gates) 


FUNCTION DIAGRAM 


—_ ob 
0 > 
< 


N 
> 


N) 

@ 
e. A) 
ND 
< 


oa 


3A : 
3B 


ab 


> 
o p> 
ok 
< i iper 
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SCL4077B 
ELECTRICAL CHARACTERISTICS 


STATIC CHARACTERISTICS ' 


PARAMETER VoD | CONDITIONS 
(Vde) 


QUIESCENT DEVICE 
CURRENT > 


| +25°c tet Unie 
ee AE 


0.05 1.5 |pAde 
0.10 3.0 
0.20 6.0 


NOTES: ' , Remaining Static Electrical Characteristics are listed under “4000B Series Family Specifications”. 
* TLow =-55°C for C, D, F, H device. 
= -40° C for E device. 
TuigH = +125°C for C, D, F, H device. 
=+ 85°C for E device. 


All valid input 
combinations 


DYNAMIC CHARACTERISTICS (C, = 50pF, Ta = 25°C) 


Vop 


aan em gs 
oo mre 
eG 


Vos. DRAIN VOLTAGE (Vdc) 
-16 -14 -12 -10 -8 -6 


Vis = 1§ Vdc 


1... DRAIN CURRENT (mAdc) 


= 
2 
z 
o 
i= 
a 
wa 
m 
z 
=f 
mead 
3 
> 
a 
G) 
—_ 


6 8 10 12 14 16 18 20 
Vos, DRAIN VOLTAGE (Vdc) 


Typical P-Channel Typical N-Channel 
Source Current Characteristics Sink Current Characteristics 
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SCL4081B 
STATE NZ SCL4082B 
SCIENTIFIC SCL4073B 


CMOS AND GATES 


4081B - Quad 2-Input AND 
4082B - Dual 4-Input AND CONNECTION DIAGRAMS 
4073B - Triple 3-Input AND (all packages) 
FEATURES Vpp 4B 4A 4Y 3Y 3B 3A 


@ Buffered Outputs 
@ Diode Protection on all Inputs 
@ Fully “B’’-Series Compatible 


TRUTH TABLE 


: oe ce | 
All other combinations 8 


FUNCTION DIAGRAMS 


RECOMMENDED OPERATING CONDITIONS 
For maximum reliability: 
DC Supply Voltage Vpp-Vsg 3to15 Vde 


Operating Temperature Ta 
C, D, F, H Device -55 to +125 OC 
E Device 40to +85 OC 


10 3Y 


Y = ABC 


Vop = Pin 14 
Vss = Pin 7 
for all Devices 
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SCL4081B, SCL4082B, SCL4073B 


ELECTRICAL CHARACTERISTICS 
STATIC CHARACTERISTICS ' : 


PARAMETER 


QUIESCENT DEVICE 


CURRENT 


NOTES: ' Remaining Static Electrical Characteristics are listed under "4000B Series Family Specifications”. 
> Trow = -55°C for C, D, F, H device. 
= -40°C for E device. 
THicn = +125°C for C, D, F, H device. 
= + 85°C for E device. 


DYNAMIC CHARACTERISTICS (C, = 50pF, T, = 25 C) 


Voo_ | ; 
PARAMETER (Vde) Min. Typ. Max. units | 


PROPAGATION DELAY TIME teLH. feet 5 = 120 240 ns 
a 60 | 120 
a hg ah ee cet ee = 7 15 : 45 30 


OUTPUT TRANSITION TIME asciee 5 _ 100 200 We 
10 ; $0 100 
_ a ; 15 }40 | 80 


Vos, DRAIN VOLTAGE (Vdc) 
-10 -8 -6 


a, 
Pek eS ae ee ee 
PAL Nes = 8 Wee | ts 

Yi | ae ee 


6 8 10 12 14 
Vos, DRAIN VOLTAGE (Vdc) 


1... DRAIN CURRENT (mAdc) 


(spyw) ANauUuND NIVUO ‘Yt 


Typical P-Channel Typical N-Channel 
Source Current Characteristics Sink Current Characteristics 
LOGIC DIAGRAMS SCHEMATIC DIAGRAM - 40828 (1 of 2 gates) 
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SOLID G 
STATE SB 
SCIENTIFIC 


SCL4085B 


CMOS DUAL 2-WIDE, 2-INPUT AND-OR-INVERTER GATE 


FEATURES 


« Medium-speed operation —tpy_ = 90 ns; 
tpLy = 125 na (typ.) at 10 V 


# Individual inhibit controls 
= Standardized symmetrical output characteristics 
= 100% tested for quiescent current at 18 V 
« Maximum input current of 1 {LA at 15 V over full 
temperature range; 100 nA at 15 V and 25°C 
# Noise margin (over full package-temperature 
range): 
1Vat Vpp =5V 
2V at Vpp = 10 V 
2.5 V at Vpnp = 15 V 
# 5-V, 10-V, and 15-V parametric ratings 
= Meets all requirements of JEDEC Tentative Stan- 
dard No. 13A, “‘Standard Specifications for 
Description of ‘B’ Series CMOS Devices” 


DESCRIPTION 


The 4085 contains a pair of AND-OR-INVERT 
gates, each consisting of two 2-input AND gates 
driving a 3-input NOR gate. Individual inhibit con- 
trols are provided for both A-O-I gates. 


The 4085B types are supplied in 14-lead dual-in-line 
ceramic packages (D and C suffixes), 14-lead dual- 
in-line plastic packages (E suffix), 14-lead ceramic 
flat packs (F suffix), and in chip form (H suffix). 


RECOMMENDED 
OPERATING CONDITIONS 


For maximum reliability, nominal operating con- 
ditions should be selected so that operation is al- 
ways within the following ranges: 


CHARACTERISTIC LIMITS UNITS 
Min. Max. 

Supply Voltage Range 3 18 V 

(For Ta = Full 

Package Temperature 

Range) 
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INHIBIT 1 


INHIBIT 2 


OUTPUT VOLTAGE (Vo! Vv 


CONNECTION DIAGRAM 


INHIBIT 2 
INHIBIT 1 
D2 
c2 


TOP VIEW 


E = INHIBIT + AB+CO 


FUNCTIONAL DIAGRAM 


AMBIENT TEMP ITA) = 25 C 
| suPPLY VOLTAGE op 


e 4 
CURRENT Vop 


Ae ce 
CURRENT, 
PEAK 


INPUT VOL TAGE ivi) Vv 


SCL4085B 


ELECTRICAL CHARACTERISTICS 


STATIC CHARACTERISTICS 


aie 


QUIESCENT DEVICE 

CURRENT Vin =Vss or Voo : 0.0005| 0.05 pAdc 
All valid input : 0.001 | 0.10 
combinations ; 0.002 | 0.20 


NOTES: ' , Remaining Static Electrical Characteristics are listed under “ 4000B Series Family Specifications”. 
2 TLow =-55°C for C, D, F, H device. 
= -40°C for E device. 
Tuicgu = +125°C for C, D, F, H device. 
=+ 85°C for E device. 


ABSOLUTE MAXIMUM RATINGS DYNAMIC ELECTRICAL CHARACTERISTICS 
DC SUPPLY-VOLTAGE RANGE, (Vpp) (Ta = 25°C, Input t,, t¢ = 20ns, C, = SOpF, Ry = 200 Kn) 


(Voltages referenced to aa ors LIMITS rau 
Vgg Terminal)......... —0.5 to +20V wee 
EE oe eG: peels aes oot ote 
ALL INPUTS ....... —0.5 to Vpp +0.5V [851130 
DC INPUT CURRENT, Low-to-High Level mca HH 
ANY ON E INPUT «2 © © @ © © © © ew 8 + 1 0 mA Propagation Delay Trme (Inhibit): 


High-to-Low Level 


POWER DISSIPATION PER PACKAGE (Pp): 
For Ta = —40 to +60°C 
(PACKAGE TYPE E)......... 500 mW 
For Ta = +60 to +85e 
For Ta = +60 to +85 C 
(PACKAGE TYPE E)..... Derate Linearly 
at 12 mW/°C to 200 mw 
For Ta = —55 to +100°C 
(PACKAGE TYPES D,F,C)..... 500 mW 
For Ta = +100 to +125 C 
(PACKAGE TYPES D, F, C). Derate Linearly 
at 12 mW/* C to 200 mW 


Low-to-High Level 


Transition Time 'THL: 'TLH | 5 ___—*{ 100_~=*|_—-200 (| 
1 


DEVICE DISSIPATION 
PER OUTPUT TRANSISTOR 
For TA = FULL PACKAGE-TEMPERATURE 
RANGE (All Package Types). .... 100 mW 
OPERATING TEMPERATURE RANGE (Ta): 
PACKAGE TYPES D,F,C,H . —55 to +125°C 


PACKAGE TYPEE....... —40 to +85°C 
STORAGE TEMPERATURE : 
RANGE (Tstg) —65 to +150°C 


LEAD TEMPERATURE (DURING SOLDERING): 
At distance 1/16 + 1/32 inch (1.59 £0.79mm) 
from case for 10s max. ........ +265 C 


All inputs protection 
by standard CMOS 
protection network. 
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SOLID G 
STATE Ng SCL4086B 
SCIENTIFIC 


CMOS EXPANDABLE 4-WIDE, 
2-INPUT AND-OR INVERT GATE 


FEATURES 
« Medium-speed operation — tp,4, = 90 ns; Sonn een anen 
t = ‘ 
PLH 140 ns (typ )at10V ee 

® INHIBIT and ENABLE inputs D 
« Buffered outputs c 
« 100% tested for quiescent current at 15 V ein 
» Maximum input leakage current of 1A over full : 

package-temperature range; 100 nA at 15 V and A 

25°C 
= Noise margin (over full package temperature 

range): TOPVIEW 


1V at Vpp =5V 
2Vat Vop =10V 
2.5 V at Vpp = 15 V INHIBIT EXP 
s Standardized, symmetrical output characteristics 
» 5-V, 10-V, and 15-V parametric ratings 
« Meets all requirements of JEDEC Tentative Stan- 
dard No. 13A, “Standard Specifications for Des- 
cription of ‘B’ Series CMOS Devices’ 


LOGIC 1 = HIGH 
DESCRIPTION LOGIC 0 = Low 
The 4086B contains one 4-wide 2-input AND-OR- H Von * 14 
INVERT gate with an INHIBIT/EXP input and an eae Vss* 7 

NC =4 


ENABLE/EXP input. For a 4-wide A-O-I!-function 
INHIBIT/EXP is tied to Veg and ENABLE/EXP to ee eee ene OTD 
Vpp- See Fig. 2 and its associated explanation for : INH + ENABLE + AB + CD + EF - GH 
applications where a capability greater than 4-wide 
is required. 

FUNCTIONAL DIAGRAM 


The 4086B is supplied in 14-lead dual-in-line ceram- 
ic packages (D and C suffixes), 14-lead dual-in-line 
plastic packages (E suffix), 14-lead ceramic flat 
packs (F suffix), and in chip form (H suffix). 


RECOMMENDED 


> 
OPERATING CONDITIONS ~ 
For maximum reliability, nominal operating con- 8 
ditions should be selected so that operation is al- a 
ways within the following ranges: S 

- 

= 
CHARACTERISTIC LIMITS UNITS 3 

Min. Max. 
(V,) - 
Supply Voltage Range 3 18 V aa gs les 
(For Ta = Full state 
pactace | TYPICAL VOLTAGE AND CURRENT 
ackage Temperature TRANSFER CHARACTERISTICS 

Range) 
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SCL4086B 


ELECTRICAL CHARACTERISTICS 
STATIC CHARACTERISTICS ' 


[Min. | Max.| Min. | Typ. | Max. | Min. | Max. 


QUIESCENT DEVICE 

CURRENT Vin =Vss or Voo : 0.05 pAdc 
All valid input : : 0.10 
combinations : 0.002 | 0.20 


NOTES: ' Remaining Static Electrical Characteristics are listed under “ 4000B Series Family Specifications”. 
2 TLow = -55°C for C, D, F, H device. 
= -40°C for E device. 
Tuign = +125°C for C, D, F, H device. 
= + 85°C for E device. 


ABSOLUTE MAXIMUM RATINGS DYNAMIC ELECTRICAL CHARACTERISTICS 
DC SUPPLY-VOLTAGE RANGE, (Vpp) (Ta = 25°C; Input t,, ty = 20ns,C_ = SOpF, Ry = 200KQ) 
Tenis oo seas 0.5 t0+18V cnanacrenssric  feonomons —[Lwirs Tyra 
INPUT VOLTAGE RANGE, Tg 
ALLINPUTS ...... —0.5 to Vpp +0.5 V aha 
DC INPUT CURRENT, 
ANY ONE INPUT ........... +10mA Ue tsa hee ne 
POWER DISSIPATION PER PACKAGE (Pp): Mate aes 
For Ta = —40 to +60° C Level. (pay iN 
(PACKAGE TYPE E)......... 500 mw Low 10 Hush Level 
For TA ss +60 to +85° C 'PLHIINH) 
(PACKAGE TYPEE)..... Derate Linearly 
at 12 mw/° C to 200 mW Input Capacitance Cyny 


For Ta = —55 to +100°C 
(PACKAGE TYPES D,C,F) .... 500 mW 
For Ta = +100 to +125 C 
(PACKAGE TYPES D,C,F) ..... Derate 
Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION 
PER OUTPUT TRANSISTOR 
For Ta = FULL PACKAGE-TEMPERATURE 
RANGE (All Package Types). ... 100 mW 
OPERATING TEMPERATURE RANGE (Ta): 
PACKAGE TYPES D,F,C,H —55 to +125°C 


PACKAGE TYPE E —40 to +85° C 
STORAGE TEMPERATURE 

RANGE (Tyg)... se —65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 £1/32 inch (1.59 + 0.79 mm) 

from case for 10smax. ....... +265 C 

Fig. 3 shows two 4086's utilized to obtain an 8-wide 2-input 
A-O-1 function. The output (J1} of one 4086 is fed directly to "@- 5 j= 
the ENABLE/EXP2 line of the second 4086. In a similar enacie-exe = 


fashion, eny NAND gate output can be fed directly into the 
ENABLE/E XP input to obtain a S-wide A-O-! function. In addition, * ; 

. : ——= ALL INPUTS PROTECTED BY 
any AND gate output can be fed directly into the INHIBIT/EXP STANDARD CMOS PROTEC TON 
input with the same result. NETHORE 


e 
INHIBIT EXP (0) Vg5 


INHIBIT /ERP, INHIBIT /EXP, 
ss 
al Vs5 A2 
at 82 
ct c2 
o1 J 02 
| | es 
e1 . €2 * 


Fl F2 


G2 
H2 


GI 
41 


ENABLE EXP, Vpp ENABLE /EXP, 


j2. ATBV Ci OT EV FT GT * AZB2 « C2 02 FE? F2 + F2 H2 


TWO 40868’S CONNECTED 
AS AN B WIDE 2 INPUT AO.1 GATE 
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SOLID NB 


STATE SCL4093B 
SCIENTIFIC 
FEATURES 
® Schmitt Trigger Action on each Input with no CONNECTION DIAGRAM 
External Components (all packages) 
® Quad 2-Input NAND Configuration 
@ Noise Immunity Greater than 50% Vop 4A 4B 4Y 3Y 3A 3B 
@ No Limit on Input Rise and Fall Times 


14 1B 1¥ 2Y 2A 2B Ves 


DESCRIPTION 


The 4093B consists of four Schmitt 
trigger circuits. Each circuit functions as a 2- 
input NAND gate with Schmitt trigger action on 
both inputs. The gate switches at different points 
for positive- and negative-going signals. The differ- 
ence between the positive voltage (Vp) and the RECOMMENDED OPERATING CONDITIONS 
negative voltage (Vj) is defined as the hysteresis 


voltage (Vy). This device is useful in high-noise For maximum reliability: 


environments and in wave and pulse shapers and DC Supply Voltage Vop-Vss 3to15 Vdc 
multivibrators. Operating Temperature Ty 
C, D, F, H Device -55 10 +125 OC 
E Device 40to +85 °C 


LOGIC DIAGRAM 


corey eo 


* All inputs protected by 
Standard Protection Network 


BLOCK DIAGRAM 


B 
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SCL4093B 


ELECTRICAL CHARACTERISTICS 


STATIC CHARACTERISTICS | 


— ee ee 


PARAMETER 
QUIESCENT DEVICE os a 
CURRENT 5 IVinzVssg0tVoo] - | 1.0 
| 10 |All valid input _ 2.0 
oe a ee 15 |combinations | — | 40_ 
POSITIVE TRIGGER Vp 
THRESHOLD VOLTAGE MN 5 | | 3 typ 
10 | | 5.9 typ 
coe Srgeceint pe a tee etl ee oe aetna 8.9 typ 
“NEGATIVE TRIGGER Nix, | 
| THRESHOLD VOLTAGE Viel 5 ea 
H ‘ 


| 10 typ 
15 2 Wh 


HYSTERESIS 5 
VOLTAGE 10 


NOTES: 


> TLlow =-55°C for C, D, F, H device. 
= -40°C for E device. 

THIGH = +125 'C for C, D, F, H device. 
= + 85°C for E device. 


DYNAMIC CHARACTERISTICS (C_ 


= 50pF, Ta = 25 C) 


PARAMETER 
PROPAGATION DELAY TIME 


———— 
; OUTPUT TRANSITION TIME 


| 


tron. Urea | 


Vis. DRAIN VOLTAGE (Vdc) 
-20 -18 -16 -14 -12 -10 -8 = -6 


1... DRAIN CURRENT (mAdc) 


2 
z 
o 
[4 
a 
a 
m 
=z 
par 
3 
»> 
a 
= 


Typical P-Channel 
Source Current Characteristics 
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Voo | conpitions |—TLow 
ve | conprmions | Tepe Typ. | Max. | Min. | Max. | 


— |0.0005] 1.0 - 30 
- 10.001 | 2.0 — 60 
~ 0.002 | 40 ,; - | 120_ 
2.3 2.9 3.5 2.9 typ 
45 5.9 7.0 5.9 typ 
6.8 83 ; AVN 8.9 typ 
ue 2.3 2.7 2.1 typ 
5.5 3.8 typ 


+25°C 


Tuco’ 


8.2 5.3 typ 


5.4 
73 |20 | 4 | 20 
95 130 | 7 | 30 | Vac 
15 35 35 120 | 40 | .85| 4.0 


_ Remaining Static Electrical Characteristics are listed under "4000B Series Family Specifications” . 


10 12 14 
Vis. DRAIN VOLTAGE (Vdc) 


Typical N-Channel 
Sink Current Characteristics 


SCL4093B 


NPY 
CmORACTER STL 


rie. 


plow ‘ 


} Lae 
WEG " 


eo” : i 
NP, 
WES ON 


Transfer characteristic 
of 1 of 4 gates. 


— a et 
ec egec meee [ALL OTHER 
Ge ieee PACKAGE 
ev leo st INPUTS 


=> TO Vpo 


mh matte 


OUTPUT VOLTAGE [Vg li—v 
— ae be Bee wt er 


DRAIN CURRENT (Ip)— mA 


OUTPUT VOLTAGE ( ¥go)—v 


1°) 25 3 S 10 125 (S 


INPUT VOLTAGE (Vy)-v INPUT VOLTAGE (v, I-v 


I 


Typical voltage transfer characteristics as a 
function of temperature. 


FEE ee 
dai 


t : ages 
uit Hn Ft et ii 
ran rae 
Se . 
8 ‘a 
TE ern aH 
pu HH 
ISsEessacs : 
SoHE Ean Ts 
eeeeaseoeclens sou 
HnEiaatiy 
fe) 1§ 


I 
o 
20 


Vn 
— xXIO0O)-PER CENT 
Yoo nw 


eee 
coe 
eee 
t+ 


+ 
+ 
- 


TRIGGER THRESHOLD VOLTAGE [Vp,V,,)—V¥ 
ae 
i a : 


HYSTERESIS 1{ 


SUPPLY VOLTAGE (Vop}—Vv SUPPLY VOLTAGE ( Vop) ~V 


Typical trigger threshold voltage vs. Vpp. Typical per cent hysteresis vs. supply voltage. 


APPLICATIONS INFORMATION 


TO CONTROL SIGNAL 
OR Yoo mm 1A ~oy 


1/4 40938 Cee 
D v 


$5 


TO CONTROL 
TO CONTROL SIGNAL 
SIGNAL OR +00 
oR Yoo 


*p 
‘a = erm, ns 
a) 


% 40938 “Oath Aso 


FREQUENCY RANGE OF WAVE SHAPE 
1S FROM OC TO! Me 


Wave shaper. 


FOR THE RANGE OF ® AND C 
GivEN Sys < ty < O $5 


Monostable multivibrator. 
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100 pF eC styl 


FUR THE RANGE OF WR ANG. (EN 
Pps ety 40 258 


Astable multivibrator. 


SOLID G 
STATE SA 
SCIENTIFIC 


CMOS 8-STAGE SHIFT-AND-STORE BUS REGISTER 


FEATURES: 
@ 3-state parallel outputs for connection 


to common bus 

= Separate serial outputs synchronous to 
both positive and negative clock edges 
for cascading 

= Medium speedoperation—5 MHzat10V 

= Quiescent current specified to 15 V 

= Maximum input leakage of 1 wA at 15 V 
(full package-temperature range) 

= 1-V noise margin (full package-tem- 
perature range) 

w §-V, 10-V, and 15-V parametric ratings 


DESCRIPTION: 


The 4094B is an 8-stage serial shift 
register having a storage latch associated 
with each stage for strobing data from the 
serial input to parallel buffered 3-state out- 
puts. The parallel outputs may be con- 
nected directly to common bus lines. Data 
is shifted on positive clock transitions. The 
data in each shift register stage is trans- 
ferred to the storage register when the 
STROBE input is high. Data in the storage 
register appears at the outputs whenever 
the OUTPUT-ENABLE signal is high. 


Two serial outputs are available for cas- 
cading a number of 4094B devices. 


Data is available at the Qs serial output ter- 
minal on positive clock edges to allow for 
high-speed operation in cascaded systems 
in which the clock rise time is fast. The 
same serial information, available at the Q’,; 
terminal on the next negative clock edge, 
provides a means for cascading 4094B 
devices when the clock rise time is slow. 


SCL4094B 


APPLICATIONS 
= Serial-to-parallel data conversion 


= Remote control holding register 
# Dual-rank shift, hold, and bus 
applications 


CONNECTION DIAGRAM 


CLOCK STROBE 
Vss Q403 0201 
8765 4321 
4094B 
9 10 11 12 13 14 15 16 


Q’, Q’,Q8 Q7 Q6 05 


OUTPUT 
ENABLE 


FUNCTIONAL DIAGRAM 
SERIAL 


8-STAGE 


SHIFT 
CLOCK 3] REGISTER 


STROBE 1 


OUTPUT 
ENABLE 15 


PARALLEL OUTPUTS Q1 - Q8 


(TERMINALS 4. 5. 6. 7. 14, 13. 12, 11. RESPECTIVELY) 
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SCL4094B 
RECOMMENDED OPERATING CONDITIONS at T, = 25°C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


CHARACTERISTIC 


Supply-Voltage Range (For T, = Full 
Package-Temperature Range) 


Data Setup Time, t, 


Clock Pulse Width, ty 


Clock Input Frequency, fo, 


Clock Rise & Fall Time, t,CL, t,CL* 


Strobe Pulse Width, ty 


“If more than one unit is cascaded t,CL (for Q, only) should be made tess than or 
equal to the sum of the fixed propagation delay at 50 pF and the transition time of the 
output driving stage for the estimated capacitive load. 


* 
(2)-—4 >o-a > > @ 
SERIAL 
iN cL Ce 2 
ct & 
* — —_ew ee 
cu a Lo oa 
CLOCK a [aoe of | 
* | it | 
tm | #1. | STAGES 
stroee =. | +I° 
TR i \/ | ta 
. i ia LATCH 
m | lat, 
| LATCH | 
’ q> 
ENABLE 
()-—> 


: al 
fi ye 
| ] asrare  Y | 
by ys | 
_ a 
| ALL INPUTS PROTECTED 
BY STANDARD PROTECTION 
L Ya | KETWORK 
(s) CLOIOlOlO (1) 
o 2 Q4 05 08 O7 a8 


Logic Diagram 


TRUTH TABLE 


Parallel Serial 
Outputs Outputs 


cLock JUUUUUUUU Uk 
' 
DATA IN ea ee Lee 


| 
STROBE l ryt ly | 


| I 
OUTPUT | 
ENABLE | ‘ | 
wrema: © FLT 
tial 3 STATE 


Output 
Enable 


SERIAL QO, 


OUTPUT Nl 
SERIAL Q's | l 
OUTPUT | 
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4 = Level Change 
X = Don't Care 


Logic 1 = High 
Logic 0 = Low 


OC 
OC 
NC 
0 
1 
NC 


NC = No Change 

OC = Open Circuit 
“At the positive clock edge information in the 7th shift register stage is transferred to 
the 8th register stage and the Q, output. 


pas: | a's 
Q7 NC 
NC Q7 
Q7 NC 
Q7 NC 
Q7 NC 
NC Q7 


SCL4094B 


STATIC ELECTRICAL CHARACTERISTICS ' 


QUIESCENT DEVICE 
CURRENT (loo) 
3-STATE OUTPUT LEAKAGE 
CURRENT (I,,) 
NOTES: ' Remaining Static Electrical Characteristics are listed under ‘ 4000B Series Family Specifications” 
2 Tiow = —55°C for C, D, F, H devices. 
-40°C for E Devices. 


Tren = +125°C for E, D, F, H devices. 
= +85°C for E devices. 


DYNAMIC ELECTRICAL CHARACTERISTICS 
AtT, = 25%; Input t,, t, = 20 ns, C, = 50 pF 


LIMITS 
ALL PACKAGES 


Propagation Delay Time. 


ten. tour 


Clock to Serial Output (Q's) 


Clock to Serial Output (Q's) 


Strobe to Parallel Output 


Output Enable to Parallel 
Output: 


Minimum Strobe Pulse 
Width, tw 


Minimum Clock Pulse 
Width, tw 


Minimum Data Setup 
Time, ts 


Transition Time; 
tra, tren 


Clock Rise and Fall Time; 
t, ty 


Max. Clock Input 
Frequency, for 


Average Input Capacitance, 
C, (Any Input) 
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——_— 
SOLID NB 


STATE SCL4099B 
SCIENTIFIC 

8-BIT ADDRESSABLE LATCH 
FEATURES 
@ Serial data input CONNECTION DIAGRAM 
@ Active paraitel output 


@ Storage register capability 
@ Master clear 
@ Can function as demultiplexer 


APPLICATIONS 
@ Multi-line decoders 
@ A/D converters D WD AO A1 A2 VSS 


DESCRIPTION 

The 4099B 8-bit addressable latch is a serial-input, paraltel- 
output storage register that can perform a variety of 
functions. 


Data are inputted to a particular bit in the latch when that bit Addressed Unaddressed 
is addressed (by means of inputs AO, A1, A2) and when Latch Latch 
WRITE DISABLE is at a low level. When WRITE DISABLE is 
high, data entry is inhibited; however, all 8 Outputs can 
be continuously read independent of WRITE DISABLE and 
address inputs. 

0 
A master RESET input is available, which resets all bits to a 
logic “0” level when RESET and WRITE DISABLE are at a 
high level. When RESET is at a high level, and WRITE 
DISABLE is at a low level, the latch acts as a 1-of-8 
demultiplexer; the bit that is addressed has an active output 
which follows the data input, while all unaddressed bits are 
held to a logic “0” level. 


LOGIC DIAGRAM 


sa outs & Fig. 2 — Master timing diagram. 


cA RE 
PROTECTEO BY 
COSIMOS PROTECTION 
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SCL4099B 


ELECTRICAL CHARACTERISTICS 


STATIC CHARACTERISTICS}, 2 


PARAMETER 


QUIESCENT DEVICE Ipp 
CURRENT 


DYNAMIC CHARACTERISTICS 
Ta = 25°C, CL = 50 pF, Inputt,, ty = 20 ns, RL = 200 K 


LIMITS 
CHARACTERISTIC SEE Vop ALL PACKAGE TYPES UNITS 
FIG 2* (V) TYP. MAX. 
Propagation Delay: tpiH, 5 200 400 
t PHL G) 10 75 150 
Data to Output 15 50 100 
WRITE DISABLE 5 200 400 
to Output. tPLH, (2) 10 80 160 ns 
tpHL 15 60 120 
5 175 350 
Reset to Output, (3) 10 80 160 
PHL 15 65 130 
Address to Output, 5 225 450 
tpLu, (9) 10 100 200 
tpHL 15 75 150 
Transition Time, Tt, 5 100 200 
(Any Output) trix 10 50 100 ns 
15 40 80 
Minimum Pulse 5 100 200 
Width, ty (4) 10 50 100 ns 
Data 15 40 80 
5 200 400 
Address 10 100 200 ns 
15 65 125 
5 75 150 
Reset (5) 10 40 75 ns 
15 25 50 
Minimum Setup 5 50 100 
Time, ts (6) 1 25 50 ns 
Data to WRITE DISABLE 1 20 35 


Average Input Capacitance noes 
1 Any Input 5 pF 


*Circled numbers refer to times indicated on master timing 
diagram. 


Note: In addition to the above characteristics, a WRITE 
DISABLE ON time (the time that WRITE DISABLE is at a high 
level) must be observed during an address change for the total 
time that the external address lines AO, A1, and A2 are 
settling to a stable level, to prevent a wrong cell from being 
addressed (see Fig. 1). 
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SCL4160B 
SCL4161B 
SCL4162B 
SCL4163B 


CMOS SYNCHRONOUS 4-BIT COUNTERS 


FEATURES 


BCD Decade (4160B, 4162B) or 4-Bit 
Binary ( 4161B, 4163B) Counting 

Internal Look-Ahead for Fast Counting 
Carry Output for Cascading 

Synchronously Programmable 

Sychronous Counting 

Load Control Input 

Clear Input - Asynchronous ( 4160B, 4161B) 
or Synchronous (4162B, 4163B) 

Static Operation - DC to S5MHz © 10Vdc 


e¢ SHOHSeeee Fe 


DESCRIPTION 


The 4160B - 4163B are Synchronous 
Programmable Counters constructed with comple- 
mentary MOS P-Channel and N-Channel enhance- 
ment-mode devices in a single monolithic structure. 
These counters are functionally equivalent to the 
74160 - 74163 TTL counters. 


Two are synchronous programmable decade 
counters with asynchronous and synchronous Clear 
inputs respectively ( 4160, 4162). ° The 
other two are 4-bit binary counters with asynchron- 
ous and synchronous Clear respectively (4161, 
4163). 


SYNCHRONOUS MODE SELECTION 
4160B/4161B 


No Change 
No Change 
Count 


H = High level = Low level X = Don't care 


SYNCHRONOUS MODE SELECTION 


4162B/4163B 
H » 4 Preset 
H L No Change 
H X No Change 
H H Count 
L x Reset 
H = High level L = Low level X = Don't care 


CONNECTION DIAGRAM 
(all packages) 


Vpp Co QQ Q5 Q3 Qq TE L 
14 13 12 #211 =«10 

4160B —4163B 
3 4 5 6 
P3 P4 


CLR CLK P1 P2 PE Vss 


Add suffix for package: 
16-pin Cerdip 
16-pin Ceramic 
16-pin Epoxy 
16-pin Flat 
Chip 


RECOMMENDED OPERATING CONDITIONS 
For maximum reliability: 
DC Supply Voltage Vpp-Vss 


Operating Temperature TA 
C, D, F, H Device 
E Device 


3t015 Vdc 


-55 to +125 OC 
-40 to +85 °C 


BLOCK DIAGRAM 


SELECTOR GUIDE 


CLEAR 


Asynchronous 4160B 4161B 
Synchronous 4162B 41638 
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SCL4160B, SCL4161B, SCL4162B, SCL4163B 


FUNCTIONAL DESCRIPTION 


These counters are fully programmable; that is, 
the outputs may be preset to either level. As pre- 
setting is synchronous, setting up a low level at the 
Load input disables the counter and causes the out- 
puts to agree with the setup data after the next 
Clock pulse regardless of the levels of the Enable 
inputs. Low-to-high transitions at the Load input 
should be avoided when the Clock is low if the 
Enable inputs are high at or before the transition. 
The Clear function for the 4160, 4161 is 
asynchronous and a low level at the Clear input 
sets all four of the flip-flop outputs low regardless 
of the levels of the Clock, Load or Enable inputs. 
The Clear function for the 4162 and 4163 
is synchronous and a low level at the Clear inputs 
sets all four of the flip-flop outputs low after the 
next Clock pulse regardless of the levels of the 
Enable inputs. This synchronous Clear allows the 
count length to be modified easily; decoding the 


" : Vos, DRAIN VOLTAGE (Vdc) 
-10 -8 -6 


-20 -18 -16 -14 -12 


(spyw) LN3JUUND NivUa ‘“t 


Typical P-Channel 
Source Current Characteristics 


maximum count desired can be accomplished with 
one external NAND gate. The gate output is con- 
nected to the Clear input to synchronously clear 
the counter to 0000 (LLLL). 


The carry look-ahead circuitry provides for cas- 
cading counters for n-bit synchronous applications 
without additional gating. Instrumental in accomp- 
lishing this function are two Count Enable inputs 
and a Carry output. Both Count Enable inputs 
(PE, TE) must be high to count, and Enable input 
TE is fed forward to enable the carry output. The 
Carry output thus enabled will produce a positive 
output pulse with a duration approximately equal 
to the positive portion of the Q1 output. This 
positive overflow Carry pulse can be used to enable 
successive cascaded stages. High-to-low-level trans- 
itions at the Enable PE or TE inputs should occur 
only when the Clock input is high. 
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6 8 10 12 14 
Vix, DRAIN VOLTAGE (Vdc) 


Typical N-Channel 
Sink Current Characteristics 


SWITCHING WAVEFORMS 


Data Input 


Enable (PE or TE) 


Clock 


Output 
(Q or Carry) 


a 


* 
PHL (C'ear) 
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SCL4160B, SCL4161B, SCL4162B, SCL4163B 


ELECTRICAL CHARACTERISTICS 


STATIC CHARACTERISTICS ' 
| conorrions | Tepa’ {vase | ten luni 
|Max.| Min. | Typ. | Max. | Min. | 


Rake 
PARAMETER 
Ving = Vss or Vop 


QUIESCENT DEVICE 
CURRENT 
All valid input 
combinations 


NOTES: ' _ Remaining Static Electrical Characteristics are listed under “ 4000B Series Family Specifications”. 
> Trow = -55°C for C, D, F, H device. 
= -40°C for E device. 
Tuich = +125°C for C, D, F, H device. 
= + 85°C for E device. 


DYNAMIC CHARACTERISTICS (C, = 50pF, Ta = 25°C) 


PARAMETER 
CLOCKED OPERATION _ 


PROPAGATION DELAY TIME _ 
Clock to Q 


Clock to Carry Out 


TE to Carry Out 


OUTPUT TRANSITION TIME 


MINIMUM CLOCK PULSE WIDTH 


eee - re eee ae ee oe ow We tee 


MAXIMUM CLOCK FREQUENCY 


MAXIMUM CLOCK RISE AND FALL TIME! 


MINIMUM SETUP TIME 
Data to Clock 


Load to Clock 


PE or TE to Clock 


CLEAR OPERATION 

‘PROPAGATION DELAY TIME == 
Clear to O 
( 4160, 4161 only) 


~~ me ow owe mw we eee ee eee le 


MINIMUM SETUP TIME. 
Clear to Clock 
(4162, 4163 only) 


When units are cascaded, the maximum rise and fall times of the clock input should be equal to or 
less than the transition times of the data outputs driving data inputs, plus the propagation delay of 
the output driving stage for the output capacitive load. 
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SCL4160B, SCL4161B, SCL4162B, SCL4163B 


4160B, 4162B LOGIC DIAGRAM 
(Clear is synchronous for 4162B) 


Sequence illustrated in waveforms: 


1. Clear outputs to zero. 3. Count to eight, nine, zero, one, two and three. 
2. Preset to BCD seven. 4. Inhibit 


Clear 641608: 
| j Asem rot 


Cleat 1416281 
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SCL4160B, SCL4161B, SCL4162B, SCL4163B 


4161B, 4163B LOGIC DIAGRAM 
(Clear is Synchronous for 4163B) 


Sequence illustrated in waveforms: 


1. Clear outputs to zero. 3. Count to thirteen, fourteen, fifteen, zero, one and two. 
2. Preset to binary twelve. 4. Inhibit. 
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SOLID Gs 
STATE SB 
SCIENTIFIC 


CMOS HEX TYPE D FLIP-FLOP 


FEATURES: 


® Static Operation 

= All Inputs and Outputs Buffered 

® Diede Protection on All Inputs 

# Supply Voltage Range = 3.0 Vdc to 18 Vdc 

= Output Compatible with Two HTL Loads, 
Two Low-Power TTL 
Loads or One Low-Power Schottky TTL Load 

s Functional Equivalent to TTL 74174 


DESCRIPTION: 


The 4174B hex type D flip-flop is constructed with MOS 
P-channel and N-channel enhancement mode devices in a sin- 
gte monolithic structure. Data on the D inputs which meets the 
setup time requirements is transferred to the Q ouptuts on the 
positive edge of the clock pulse. All six flip-flops share common 


clock and reset inputs. The reset is active low, and independent 
of the clock. 


MAXIMUM RATINGS (Voltages referenced to Vsg) 
[ CRating’—« Si Symboi | = Vatue 


Operating Temperature Range—C, D, F, H T, -55 to +125 
E -40 to +85 


Storage Temperature Range -65 to +150 


— 
eal 


TRUTH TABLE 
(Positive Logic) 


X = Don't Care 
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SCL4174B 


CONNECTION DIAGRAM 


Voo = Pin 16 
Vss _ Pin 8 


This device contains circuitry to protect 
the inputs against damage due to high 
static voltages or electric fields; however, 
it is advised that normal precautions be 
taken to avoid application of any voltage 
higher than maximum rated voltages to 
this high impedance circuit. For proper 
operation it is recommended that V,, and 
Vox be constrained to the range Vs < (Vin 
OF Vou) < Voo. 


Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either 
Vss OF Vop). 


SCL4174B 


SWITCHING CHARACTERISTICS* (C, = 50 pF, T, = 25°C) 


Characteristic Symbol 
Output Rise and Fall Time 


co 
S38 


Propagation Delay Time—Ciock to Q 


Propagation Delay Time—Reset to Q 


—~ NO 
= NM 
aaa 


Minimum Clock Pulse Width 


—_ 
SsSel|f@aa 
=N ino = 
Ssioos 


Minimum Reset Pulse Width 


Maximum Clock Pulse Frequency 


—_ aa 
an a 
woe 


Maximum Clock Pulse Rise and Fall Time 


Data Setup Time 


Uv 
EE : 
nn 


Data Hold Time 


Reset Removal Time** 


*The formulas given are for the typical characteristics only. 
°*The reset signal must be high prior to a positive-going transition of the clock. 


STATIC CHARACTERISTICS ' 


PARAMETER 


QUIESCENT DEVICE 
CURRENT 


Voo CONDITIONS | Trow? [| +2°° | : 
(Vde) | Min. | Max.| Min. | Typ. | Max. | Min. | Max. | 


Vin = Ves Or Vpp 0.005 150 
0.010 300 
0.015 600 


All valid input 
combinations 
NOTES: ' Remaining Static Electrical Characteristics are listed under “4000B Series Family Specifications”. 
2 ° . 
TLow = -55°C for C, D, H device. 
= -40°C for E device. 
THicn = +125°C for C,D, F, H device. 
= + 85°C for E device. 


uAdc 
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SCL4174B 


TIMING DIAGRAM 


FUNCTIONAL BLOCK DIAGRAM 


177 


SOLID NB SCL4192B 


STATE 
SCIENTIFIC SCL4193B 


CMOS PRESETTABLE UP-DOWN COUNTERS 
(Dual Clock with Reset) 


FEATURES: APPLICATIONS: 

® Individual clock lines for counting up = Up/down difference counting 
or counting down a Multistage ripple counting 

= Synchronous high-speed carry and = Synchronous frequency dividers 
borrow propagation delays for cascading = A/D and D/A conversion 

= Asynchronous reset and preset # Programmable binary or BCD counting 
capability 

= Medium-speed operation—f,, = 
8 MHz (typ.) @ 10 V 


4192B, 41938 4192B, 4193B 
DESCRIPTION: FUNCTIONAL DIAGRAM TERMINAL ASSIGNMENT 


The SSS- 4192B  Presettable BCD 
Up/Down Counter and the 4193B Pre- 
settable Binary Up/Down Counter each 
consist of 4 synchronously clocked, gated 
“D" type flip-flops connected as a counter. 
The inputs consist of 4 individual jam lines, 
a PRESET ENABLE control, individual 
CLOCK UP and CLOCK DOWN signals and 
a master RESET. Four buffered Q signal 
outputs as well as CARRY and BORROW 
outputs for multiple-stage counting 
schemes are provided. 


TOP VIEW 


The counter is cleared so that all outputs cycle after the counter reaches its maxi- 
are in a low state by a high on the RESET mum count in the count-up mode. The 
line. A RESET is accomplished asynchron- BORROW signal goes low one-half clock 
ously with the clock. Each output is indi- cycle after the counter reaches its mini- 
vidually programmable asynchronously mum count in the count-down mode. Cas- 
with the clock to the level on the corre- cading of multiple packages is easily ac- 
Sponding jam input when the PRESET EN- complished without the need for additional 
ABLE control is low. external circuitry by tying the BORROW 
The counter counts up one count on the and CARRY outputs to the CLOCK DOWN 
Positive clock edge of the CLOCK UP sig- and CLOCK UP inputs, respectively, of the 
nal provided the CLOCK DOWN line is high. succeeding counter package. 

The counter counts down one count on the The 4192B and 4193B types are 


positive clock edge of the CLOCK DOWN 


supplied in 16-lead ti I-in-li 
signal provided the CLOCK UP line is high. pplied in 16-lead hermetic dual-in-line 


ceramic packages (C and D suffixes), 16- 


The CARRY and BORROW signals are high lead dual-in-line plastic packages (E suf- 
when the counter is counting up or down. fix), 16-lead ceramic flat packages (F suf- 
The CARRY signal goes low one-half clock fix), and in chip form (H suffix). 
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SCL4192B, SCL4193B 


CLOCK uP 
"Ss 


“ALL INPUTS PROTECTED BY 
COS MOS PROTECTION NETWORK 


4192B logic diagram (BCD). 
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SCL4192B, SCL4193B8 


STATIC CHARACTERISTICS ' 


QUIESCENT DEVICE Vin = Ves or Voo 
CURRENT All valid input 
combinations 


NOTES: ' Remaining Static Electrical Characteristics are listed under “4000B Series Family Specifications”. 
? Trow = -55°C for C, D, H device. 
= -40°C for E device. 
Tuicu = +125°C for C,D, F, H device. 
= + 85°C for E device. 


CLOCK UP CARRY 


CLOCK DOWN BORROW 


Cascaded counter packages. 


Vos, DRAIN VOLTAGE (Vdc) 
-20 -18 -16 -14 -12 -10 -8 -6 
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Typical P-Channel Typical N-Channel 
Source Current Characteristics Sink Current Characteristics 
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SCL4192B, SCL4193B 


RECOMMENDED OPERATING CONDITIONS 

For maximum reliability: 
DC Supply Voltage Voo-Vss 3 to 15 Vdc 
Operating Temperature Ta 


C, D, F, H Device —55to +125 °C 
E Device —40 to +85 °C 


r— two re twr >] 
| 


* RESET OR PRESET ENABLE REMOVAL TIME 
Timing diagram defining t.en 


DYNAMIC ELECTRICAL CHARACTERISTICS at T, = 25°C 
Input t,, t, = 20 ns, C, = 50 pF, R, = 200 kD 


CHARACTERISTIC 


Propagation Delay Time tou, tern: 
CLOCK UP or CLOCK DOWN to Q, RESET to Q 
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CLOCK UP to CARRY, CLOCK DOWN to 
BORROW 
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RESET or PE to BORROW or CARRY 10 
15 


Transition Time, tru, tron 


Min. Removal Time, tren” RESET or PE 


Min. Pulse Width, ty RESET 
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Input Capacitance, Cw: 
RESET 


All Other Inputs 


Clock Rise & Fall time, t,, t, EE 
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*The time required for RESET or PRESET ENABLE control to be removed 
diagram). 
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SCL4192B, SCL4193B 


COUNT — 0 7 86901 231098 7 
4192B timing diagram. 


“ALL INPUTS PROTECTED BY 310 
COS MOS PROTECTION NETWORK 


COUNT — 0 13 14150 1 2 1 01514 13 


4193B timing diagram. 


Internal logic of Flip-flop. 


ACTION 


[2 | courue 
[0 [No count 
[0 [count oown 
a 
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TRUTH TABLE 
CLOCK | PRESET 
DOWN | ENABLE 
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NO COUNT 
PRESET 
RESET 


1 = HIGH LEVEL 0 = LOW LEVEL X = DON'T CARE 
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SOLID G 
SCL4402B 
STATE SB SrAtoe 


SCIENTIFIC 
FEATURES 
® Dual 4-Input Gates with Uncommitted Output CONNECTION DIAGRAM 
Transistors (all packages) 
¢ Simplifies Construction of Combinational 
Logic Functions INig IN3 D-Pp S-Ng 
@ CMOS-to-TTL Interface Capability YD N26 NSB D-Ng 
@ All Inputs Diode-Protected oa 
DESCRIPTION 4412B 


These devices are buffered Dual 4-input NOR 
Gates (4402B) and NAND Gates (44128), 
with uncommitted output transistors. Gate expan- 
sion, complex combinational gating, and interface 
circuits can be constructed from these devices. 5 sonia 


S = Source 


LOGIC DIAGRAMS 


Add suffix for package: 


16-pin Cerdip 
16-pin Ceramic 
16-pin Epoxy 
16-pin Fiat 
Chip 


RECOMMENDED OPERATING CONDITIONS 
For maximum reliability: 
DC Supply Voltage Vpp-Vss 3toi5 Vde 


Operating Temperature TA 
C, D, F, H Device -55 to +125 °C 
E Device 40to +85 °C 


Vos DRAIN VOLTAGE (Vdc) 
-20 -18 -16 -14 -12 -10 -8 
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Vos, DRAIN VOLTAGE (Vdc) 


Typical P-Channel’ Typical N-Channel 
Source Current Characteristics Sink Current Characteristics 
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SCL4402B, SCL4412B 


ELECTRICAL CHARACTERISTICS 
STATIC CHARACTERISTICS ' 


TLow 
[Min. | Max.| Min. | Typ. | Max. | Min. | Max. | 


0.05 1.5 | uAdc 
0.10 3.0 
0.20 6.0 


NOTES: ! , Remaining Static Electrical Characteristics are listed under “4000B Series Family Specifications”. 
> TLow =-55°C for C, D, F, H device. 
= -40° C for E device. 
THiGH = +125-C for C, D, F, H device. 
= + 85°C for E device. 


QUIESCENT DEVICE 
CURRENT 


0.0005 
0.001 
0.002 


All valid input 
combinations 


DYNAMIC CHARACTERISTICS (C, = SOpF, Ta = ala 


PROPAGATION DELAY TIME tpuH, tpHL 
Connected as Dual 4-Input Gates 
OUTPUT TRANSITION TIME 


APPLICATIONS INFORMATION 
4402B 


8-Input NOR Configuration Dual 4-Input OR/NAND Gate 
{:}e2-3-4°12°93° 14015 fzite2ea* 4) (ta 13° 14° 15) 


4412B 


8 8 
8-Input NAND Dual 4-Input AND/NOR Gate 
t 172341213 14 15 f 19234) + 11213 14 15) 


For additional information, see Application Note AN-102., 


184 


SOLID 
STATE SB 
SCIENTIFIC 


SCL4404B 


FEATURES 


@ 8-Stage Synchronous Counter 

@ Buffered Outputs from all 8 Stages 

@ Direct Reset 

@ Fully Static Operation — DC to 8MHz © 10Vdc 


DESCRIPTION 


The 4404B consists of eight synchronous, 
single-phase’ clocked counting stages, with the Q 
output of each stage accessible. The counter is 
reset to all “’zeroes’’ by a high level on the Reset 
line. Each stage of the counter utilizes a master- 
slave flip-flop configuration. The state of the 
counter is advanced one step in binary order on 
the negative-going transition of the input clock 


CMOS 8-STAGE BINARY COUNTER 


CONNECTION DIAGRAM 
(all packages) 


Vop Qg 21, Ag NC Ag NC 


CLK R Q7 Qg Qs Og Vss 


Add suffix for package: 
14-pin Cerdip 
14-pin Ceramic 
14-pin Epoxy 
14-pin Flat 


pulse. 


TRUTH TABLE 


OCK | RESET | OUTPUT STATE 


Advence to next 
state 
i All Outputs are low 


x = Don’t Care 


Chip 


RECOMMENDED OPERATING CONDITIONS 
For maximum reliability: 
DC Supply Voltage Vpp-Vss 3to15 Vdc 


Operating Temperature Tp 
C, D, F, H Device -55 to +125 IC 
E Device 40to +85 9 


LOGIC DIAGRAM 


185 


SCL4404B 


ELECTRICAL CHARACTERISTICS 
STATIC CHARACTERISTICS ' 


PARAMETER Voo | CONDITIONS 
(Vde) 


QUIESCENT DEVICE 
CURRENT 


[ Min. | Max.| Min. Typ. | Max.| Min. | Mex. 


All valid input 
combinations 


NOTES: ' Remaining Static Electrical Characteristics are listed under “4000B Series Family Specifications”. 
2 TLow = -55°C for C, D, F, H device. 
= -40°C for E device. 
THicH = +125°C for C, D, F, H device. 
= + 85°C for E device. 


DYNAMIC CHARACTERISTICS (C, = 50pF, Ta = 25°C) 


Voo 7 


CLOCKED OPERATION 
PROPAGATION DELAY TIME 


OUTPUT TRANSITION TIME 


MINIMUM CLOCK PULSE WIDTH 


MAXIMUM CLOCK FREQUENCY 


MAXIMUM CLOCK RISE AND FALL TIME 


RESET OPERATION 


PROPAGATION DELAY TIME 
MINIMUM RESET PULSE WIDTH PWa 
RESET REMOVAL TIME ba 


Vos. DRAIN VOLTAGE (Vdc) 
-20 -18 -16 -14 -12 -10 -8 


MHz 


Us 
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Vos, DRAIN VOLTAGE (Vdc) 


Typical P-Channel Typical N-Channel 
Source Current Characteristics Sink Current Characteristics 
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SOLID <> 
STATE SB 
SCIENTIFIC 


SCL4416B 


FEATURES 
@ DPDT Switch Operation Without External Logic 


@ Wide Range of Digital and Analog Signal Levels — 


Digital or Analog Signal to 18 Volts peak 

@ Low ON Resistance — 
200 (2 typ. over 15V_p.p Signal Input Range, 
Vpop - Vss = 15V 

@ Matched Switch Characteristics -10() typ. 
Difference Between Roy Values at a Fixed 
Bias Point over 15 Vp-p Signal Input Range, 
Vpp - Vss = 15V 
High “ON/OFF” Output Voltage Ratio — 
65 dB typ. @ fj, = 10 kHz, Ry = 10 k {2 

@ High Degree of Linearity — 0.4% Distortion 
typ. @ fi, = 1 kHz, Vi, = 5 Vp-p, Vop - Vss = 
10V, Ry = 10k Q 

@ Extremely low OFF Switch Leakage Resulting 
in Very Low Offset Current and High Effective 
OFF Switch Resistance = 10 pA typ. 
@ Vpp - Vss = 10V, Ta = 25° C 

@ Extremely High Control Input Impedance 
(Control Circuit Isolated from Signal Circuit) — 
1012() typ. 

@ Low Crosstalk Between Switches — -50dB typ. 
@ fj, = 0.9 MHz, Ry = 1k() 

@ Matched Control-input to Signal-Output 
Capacitances - Reduces Output Signal Transients 

@ Transmits Frequencies up to 40MHz 


DESCRIPTION 


The 4416B is a single-chip monolithic silicon inte- 
grated circuit containing eight N-channel and eight P- 
channel enhancement-mode MOS transistors connected 
to from four independent bilateral signal switches. Each 
switch consists of both P- and N-channel devices with 
common source and drain connections. A single control 
signal is required per switch. Both P and N devices in a 
given switch are biased ON or OFF by the control signal. 


SCHEMATIC DIAGRAM 


CaonTRou 
VOLTAGE (ve) 
~ TL 
if 


t6PUT SIGMALS I v.9) 
TERMINAL Messe 1,4.6,18 


OUTPUT SIGNALS I¥95) 
TERMINAL Nee 2,3,.9,10 


NOTE: 
All switch P-channel substrates are internally connected to terminal No. 
All switch N-channel substrates are internally connected to terminal No. 7. 


*Note the difference from the 4016B 


CMOS QUAD ANALOG SWITCH 


CONNECTION D IAGRAM 
(all packages) 


SWITCH SWITCH SWITCH 
A Cc 
——, nd —— we LN . 


Vpp C Cc IN OUT OUT IN 


IN OUT OUT IN Cc 
aaer —_ —~“See * 


SWITCH SWITCH SWITCH 
A Cc 


Add suffix for package: 


C  14-pin Cerdip F 14-pin Flat 
D 14-pin Ceramic H Chip 
E 14-pin Epoxy 


RECOMMENDED OPERATING CONDITIONS 


For maximum reliability: 


DC Supply Voltage Vpp-Vss 3to15 Vdc 


Operating Temperature TA 
C, D, F, H Device -55 to +125 OC 
E Device 40to +85 °C 


The CMOS switch permits peak input-signal voltage 
swings equal to the full supply voltage, a considerable 
advantage over single-channel types. When the control 
input is high the switch will be ON. When the control 
input is low the switch will be OFF. 


LOGIC DIAGRAM 


Sa tln sy 


SCL4416B 


ELECTRICAL CHARACTERISTICS 
STATIC CHARACTERISTICS ' 


oe . ~ 
a Vss | Voo 
PARAMETER CONDITIONS _| (de! | (Vale) yin. [ Max, | Min, [ Typ. | Max. | Min. | Max. 
QUIESCENT DEVICE lop 
CURRENT Vin = Vss OF Voo i 
All valid input 
combinations 
MINIMUM INPUT HIGH Vin 
VOLTAGE Vis = Vss 


(Control Input) Vos = Voo 


los = 10uA 


ig : 
MAXIMUM INPUT LOW 
VOLTAGE 
(Control Input) 
SWITCH INPUT/OUTPUT 


LEAKAGE 
(Switch off) 


ON-RESISTANCE 


ON-RESISTANCE MATCH 
(Same package) 


NOTES: ' Remaining Static Electrical Characteristics are listed under “4000B Series Family Specifications”. 
> TLow = -55‘C for C, D, F, H device. 
= -40°C for E device. 
Tuic = +125°C for C, D, F, H device. 
= + 85°C for E device. 


* Reverse polarity of Vc (contro! input) for switches B and C. 


DYNAMIC CHARACTERISTICS (C, = 50 pF, Ta = 25°C) 


Vss Vop 
PARAMETER CONDITIONS (Vde) | (Vde) man. | Te. | mex. | uns | 


SIGNAL INPUTS (Vis) AND OUTPUTS (Vos) 


PROPAGATION DELAY TIME 
Signal input to Ve = Vpp’ - 20 
signal output Vis = Square wave - 10 
Ry = 10k2 - 7.6 
BANDWIDTH (-3d8) 
(Sine Wave) +5 54 
| 40 | 
| 38 
Baal 


pO 
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ELECTRICAL CHARACTERISTICS (Continued) 


DYNAMIC CHARACTERISTICS (C, = 50 pF, Ta = 25°C) (Continued) 


SCL4416B 


YVss | Von 


SIGNAL INPUTS (Vig) AND OUTPUTS (Vos) (Continued) 
INSERTION LOSS 


( = 20 log 10 V28) 
Vis 


Ve = Voo! 
is = 
5Voo 
centered 
@0.0Vdc 


SIGNAL DISTORTION 

(Sine Wave) Ve = Voo! 
Vis = 5V, 
centered 
@0.0Vdc 
fis = 1.0kHz 
R, = 10k2 


FEEDTHROUGH (-50dB) 


CROSSTALK (-50dB) 

(Between two switches) Vc (A) = Voo' 
Ve (B) = Vss : 
Vig (A) = 5Ve0 
centered 
@0.0Vde 
Ry = 1.0k 


CAPACITANCE 
Input 
Output 
Feedthrough 


CONTROL INPUT (Vc) 
PROPAGATION DELAY TIME 


Vss © Vis & Voo 
Turn on Ry, = 10k2 


CROSSTALK 
(To signal port) 


1.0k2 


NOTE: ' Reverse polarity of Vc (control input) for switches B and C. 


TYPICAL ON-RESISTANCE CHARACTERISTICS 


SUPPLY LOAD 
CONDITIONS CONDITIONS 
CL ee 
P| eat Poa | wt [ea | vt |e | 


° Veristion from a perfect ewitch; Rog * 02. 
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SCL4416B 


SUPPLY VOLTS: Voo*+5, vgge-5S RF VOLTMETER 
INPUT SIGNAL VOLTS (Vig)! 5 Vp-p BOONTON RADNK 
SINE WAVE (I.77ARmS) MODEL 91-CAa 


COMTROL VOLTS (Vc )¢45 
@ LOAD CAPACITANCE * (Criy *Case TER) 


CONTROL VOLTS [Vcl=-$ 
INPUT SIGNAL VOLTS (V,)*5 Vp.p SINE WAVE (.77 RMS} 
LOAD CAPACITANCE (CL)*CrixtuREe *CMETER 

“FIXTURE AND METER MULLED OUT 

« 1S eine one 


we on METH A ” 
Br? My AC 


SUPPLY VOLTS Vo9'*5, Ygs5*° 5 
OR EQuiV i 


+ phe + Je toe 6 + «3? 


+ ++{39 


ee | mi 
t- o FHS 


LOAD RESISTANCE (R 


ATTENUATION (db) 


- 
a 
n 
e- 
a 
° 
= 
a 
4 
z 
" 
z 
g 
a 
< 
z 
© 
nn 
- 
p=] 
a 
- 
2 
° 


CUTPUT SIGNAL RMS 
VOLTS (Vos) 


rrr) 
102 103 
MPUT SIGNAL FREQUENCY (f,,) hheg 


Typ. feedthru vs. freq. — switch “OFF” 


Prtib bt bdti dd 
<3" 
4°" Vig (A) N a 


m7 OTT 
ca aa 


VerVee RF VOLTMETER 

C*“SS BOONTON RADIO 
MODEL 91-CA 
OR EQuiv 


ALL UNUSED TERSIALS 
ARE CONNECTED To ‘55 


OUTPUT SIGNAL RMS MILLIVOLTS (Vo5) 


INPUT SIGNAL FREQUENCY (f,,)— hha 


Typ. crosstalk between switch circuits in the same Test circuit, Crosstalk-control input to 
package signal output. 


APPLICATIONS INFORMATION 


4416B connected as a DPDT Switch 


ON 
CONTROL O Hf 


INPUT OD 


TeUT 
oe SIGNAL 0 


SIGNAL 8 . OuTPUT OD 


OFF 
On 


CONTROL 8 
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SOLID NZ 


SCL4426AB 

STATE SCL4433AB 
SCIENTIFIC 
FEATURES 
@ Monolithic Construction of Bipolar Transistors CONNECTION DIAGRAM 

on Outputs Allow Direct Display Drive (all packages) 
@ Decade Counter and 7-Segment Decoder in One UNG cl 

Package Vop R L.T.2 c 
@ Direct Reset 
@ Display Enable Function (4426AB) 16615 14 «13 
@ Ripple Blanking and Lamp Test Functions 4426AB 

(4433 AB) 
@ Trigger from either Edge of Clock Input 
® Carry Output for Cascading Stages 4 
@ Fully Static Operation - DC to SMHz @ 10Vdc ee Vss 


DESCRIPTION 


These two devices each consist of a 5-stage 
Johnson decade counter and an output decoder 
which converts the Johnson code to a 7-segment 
decoded output for driving each stage in a num- 
erical display. A “‘high’’ Reset signal clears the 
decade counter to its zero count. The counters 
have interchangeable Clock and Clock Enable lines 
for incrementing on either a positive-going or 
negative-going transition, respectively. Antilock 
gating is provided on the Johnson counter, thus 
assuring proper counting sequence. The Carry-Out 
(Court) signal completes one cycle every ten clock 
input cycles and is used to directly clock the suc- 
ceeding decade in a multi-decade counting chain. 


4426AB 


When the Display Enable is ‘‘low’’ the seven 
decoded outputs are forced off regardless of the 
state of the counter. Activation of the display 
only when required results in significant power 
savings. This system also facilitates implementa- 
tion of display-character multiplexing. 


The Carry Out and ungated ‘’C-segment’’ signals 
are not gated by the Display Enable and therefore 
are available continuously. This feature is a re- 
quirement in implementation of certain divider 
functions such as divide-by-60 and divide-by-12. 


4433AB 


The 4433AB has provisions for automatic 
blanking of the nonsignificant zeros in a multi- 
digit decimal number which results in an easily 
readable display consistent with normal writing 
practice. For example, the number 0050.0700 in 
an eight-digit display would be displayed as 50.07. 
Zero suppression on the integer side is obtained by 
connecting the RBI terminal of the 4433AB 
associated with the most significant digit in the 
display to a “‘low-level’’ voltage and connecting the 
RBO terminal of that stage to the RBI terminal of 
the 4433AB in the next-lower significant pos- 
ition in the display. This procedure is continued 
for each succeeding 4433AB on the __ integer 
side of the display. On the fraction side of the dis- 
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EN ppi2 


DE out! 
RBO2 


1 4426AB 
2 4433AB 


Add suffix for package: 


16-pin Cerdip F 16-pin Flat 
16-pin Ceramic H Chip 
16-pin Epoxy 


RECOMMENDED OPERATING CONDITIONS 


For maximum reliability: 


DC Supply Voltage 3to15 Vdc 


VoD - Vss 
Operating Temperature Tap 
C, D, F, H Device 


E Device 


-55 to +125 OC 
40to +85 OC 


play the RBI of the 4433AB associated with 
the least significant digit is connected to a “low 
level’’ voltage and the RBO of the 4433AB is 
connected to the RBI terminal of the 4433AB 
in the next more-significant-digit position. Again, 
this procedure is continued for all 4433AB on 
the fraction side of the display. 

in a purely fractional number the zero immedi- 
ately preceding the decimal point can be displayed 
by connecting the RBI of that stage to a “‘high- 
level’’ voltage (instead of to the RBO of the next 
more-significant stage). For Example: optional 
zero - 0.7346. 

Likewise, the zero in a number such as 736.0 
can be displayed by connecting the RBI of the 
4433AB associated with it to a “high-level’’ 
voltage. 


A “high’’ Lamp Test signal turns on all outputs. 


BIPOLAR OUTPUTS 


These devices are functionally and pin-for-pin 
interchangeable with all CMOS device types 
4026AB and 4433AB. All counting and de- 
coding in 4426AB and 4433AB devices _ is 
implemented with CMOS transistor circuitry. In 
order to furnish higher output drive for applica- 
tions such as driving LED’s, bipolar Darlington 
transistors have been furnished at each display 
drive output. 


SCL4426AB, SCL4433AB 


LOGIC DIAGRAM TIMING DIAGRAM 


s, ¢ & 28 
pane hogs ple pbake base besa hakes 


pee Petes 
(CLOCK + 10) 


DISPLAY 

ry oa} Sy) ea hae Hl 
Ol fe 34] 5/6| Waele 
0 1 2 3 4 5 6 7 8 9 


Collector of each output transistor 
internally tied to Vpp. 


4426AB Decade Counter/7-Segment Decoder/Driver with Display Enable. 


LOGIC DIAGRAM TIMING DIAGRAM 


4 


(CLOCK +10) 


DISPLAY 


T4516 


Collector of each output transistor 
internally tied to Vpp. 


4433B Decade Counter/7-Segment Decoder/Driver with Ripple Blanking. 
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SCL4426AB, SCL4433AB 


ELECTRICAL CHARACTERISTICS 
STATIC CHARACTERISTICS ''’ 


V Tien 
PARAMETER 00 | CONDITIONS ute Uni 
Ei) Ta [Fon [a a 


QUIESCENT DEVICE 


CURRENT 150 | wAdc 
All valid input 300 
combinations 600 


HIGH LEVEL OUTPUT 
VOLTAGE 
Decoded Outputs 


aa AS 


MINIMUM INPUT HIGH 
VOLTAGE 


< 
I 


MAXIMUM INPUT LOW 
VOLTAGE 


L 
Vo =0.5V or 


4.25V 
Vo = 1.0V or 
9.0V 
Vo = 1.5V or 
13.5V 
lol < 1A 


OUTPUT HIGH (SOURCE) 
CURRENT 
Decoded Outputs? 


Carry Output Von = 4.6V 
Vou =9.5V 
Von = 13.5V 


Vin = Vss or Sisal: 


Von =4.6V 
Vou = 9.5V 

Von = 13.5V 
Vin = Ves Or Vop 


Remaining Outputs 


eee ai ee 


OUTPUT LOW (SINK) 


CURRENT Vor =0.4V mAdc 
Voi =0.5V 
Carry Output Vor = 1.5V -0. 
Vin = Vgs OF Vop 
Remaining Outputs Vor =0.4V mAdc 


Vou =0.5V 
VoL = 1.5V 
Vin = Ves OF Vop 


NOTES: ! , Remaining Static Electrical Characteristics are listed under “4000B Series Family Specifications”. 
* TLow = -55°C for C, D, F, H device. 
= -40° C for E device. 
THIGH = +125° C for C, D, F, H device. 
=+ 85°C for E device. 
3 Observe Package Power Dissipation rating. 


om 
r 
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SCL4426AB, SCL4433AB 


ELECTRICAL CHARACTERISTICS (Continued) 
DYNAMIC CHARACTERISTICS (C, = 50pF, Ta = 25 C) 


Vop 
PARAMETER Wee, | min | tye. | mex | Unie 


CLOCKED OPERATION 
PROPAGATION DELAY TIME 
teLH, tepHL 


Clock to Decoded Outputs 


PWeL P. 
PWee 
° rir: 
manaes 
RESET OPERATION 
PROPAGATION DELAY TIME 
Reset to Decoded Outputs tpLH. teHe 
~~ E 
MINIMUM RESET PULSE WIDTH 
200 400 
100 200 
80 160 


Clock to Carry Out 


OUTPUT TRANSITION TIME 
{| Decoded Outputs 


Carry Output 


MINIMUM CLOCK OR ENABLE PULSE WIDTH 


MAXIMUM CLOCK FREQUENCY 


MAXIMUM CLOCK OR ENABLE RISE AND 
FALL TIME 


MINIMUM CLOCK OR ENABLE SETUP TIME 


RESET REMOVAL TIME 
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OUTPUT NETWORK 


CMOS 
INVERTER 


OUTPUT 


SCL4426AB, SCL4433AB 


Do not 

Operate 

4426/33 

without series R, 
in this region 


3 5 


Typical Output Current per Segment vs. Supply 
The darlington NPN transistor network Voltage. 


shown is typical of each of seven segment drive 
Outputs per integrated circuit. 


DISPLAY INTERFACE 


Actwe 
Ovspley Output 
Enadte ¢ ° 


Clock 


Light 
Emutteng 
Ovode 


Of eQurvelent 
fesstance 


-cu-co ~27@jOeNn ~ 


Typical Display Connection 
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5 10 Voo 
R, required to limit LED Current 


SOLID Ng 


STATE SCL4428B 
SCIENTIFIC 

CMOS BINARY-TO-OCTAL DECODER 
FEATURES , 
 Binary-to-Octal Decoding CONNECTION DIAGRAM 
@ Buffered Outputs Go High on Selection (all packages) 


@ Strobe Input for Simple Expansion 


Vop “3" “1 X44 X_ STR XQ 


DESCRIPTION 


The 4428B is a one-of-eight CMOS Strobed 
Decoder. The three inputs labeled Xg, X41, and 
X9, constitute a three-bit word which defines a 
number from 0 to 7, and activates one of eight 
outputs of the decoder. The Strobe line inhibits 
the outputs from responding to the inputs. If the 


aes Wad se le *0’’ coe “5° “6” Vss 


Strobe line is a logic ‘‘1’’, one of eight outputs is a Add suffix for package: 
logic ‘1’... This is an important feature of the 14-pin Cerdip 
Strobe since many 4428B’s may be cascading 14-pin Ceramic 
to produce a 1 or N X 8 strobed decoder. This 14-pin Epoxy 
array is particularly useful in expanding memory 14-pin Flat 
systems. Chip 


TRUTH TABLE — Strobe at Logical 1 RECOMMENDED OPERATING CONDITIONS 
For maximum reliability: 


DC Supply Voltage V -V 3to15 Vdc 
iad © hd anqee i dad be fa “ar “et 6" aap ee 9g DD SS 


3 12 131 5 6 4 Operating Temperature Tas 
C, D, F, H Device -55 to +125 OC 
E Device 40 to +85 °C 


-O-0-0-+0 
eoooooao0oo- 
eo000coe0o-0 
ecooocoo-o0o0|n 
CoO +-0000 
COoO-00000 
Oo-o00000 
-o 00 0 0c 0c 0 


0 
0 
1 
1 
0 
0 
1 
1 


BLOCK DIAGRAM 


3-Bit 
Binary 
Inputs 


Octal 
Oecoded 
Outputs 


YREaARR AN AG 


Vop = Pin 14 
Veg = Pin? 
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SCL 4428B 


ELECTRICAL CHARACTERISTICS 
STATIC CHARACTERISTICS ': 


dat [| Min. | Max. | Min. | Typ. | Max. | Min. | Max. | 


QUIESCENT DEVICE 
CURRENT 


All valid input 
combinations 


NOTES: ' Remaining Static Electrical Characteristics are listed under “4000B Series Family Specifications”. 
2 TLow = -55°C for C, D, F, H device. 
= -40°C for E device. 
Tuicn = +125°C for C, D, F, H device. 
= + 85°C for E device. 


DYNAMIC CHARACTERISTICS (C, = 50pF, Ta = 25°C) 
PARAMETERS 
PROPAGATION DELAY TIME 


OUTPUT TRANSITION TIME 


Vos, DRAIN VOLTAGE (Vdc) 
14-12 - 


I, DRAIN CURRENT (mAdc) 


(spyw) INaMUND NivuG 


8 10 12 14 16 18 
Vos, DRAIN VOLTAGE (Vdc) 


Typical P-Channel Typical N-Channel 
Source Current Characteristics Sink Current Characteristics 


LOGIC DIAGRAM 


VV Y 
| , 


VV VV YO 


> 
> 
So-—<« 
> 
> 


STROBE 


SCL4428B 


Xo X1 X2 STR 


“9” 


44288 
eT"! 


APPLICATIONS INFORMATION 
SIX-BIT BINARY 1-OF-64 DECODER 


Inhibit 
? (No Selection) 


Xo xy X92 STR Xo x4 Xo STR ae = X92 — Xo aa X9 — 
4428B 4428B 44288 4428B 
bad 0 had 62 ey Has bad 8 had : cay fase “9” te ar Std bad © hd be one ay ded 


16 ~=— 23 31 32, 
pte ee ae 


64 Outputs (Selected Output is High) 
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XQ 


“9” 


X14 Xz STR 


4428B 
boy Salad 


SOLID 
STATE Sg 
SCIENTIFIC 


SCL4441UB 


FEATURES 


@ Symmetrical High-Current Outputs 

@ High-Speed Operation with Large Capacitive 
Loads 

@ Low Output Impedance 

@ Diode Protection on all Inputs 


DESCRIPTION 


The 4441UB is a monolithic N-channel and 
P-channel enhancement-mode integrated circuit 
consisting of four large buffers for very high cur- 
rent capability. This device is useful as a line 
driver, low-power resistor-network driver for A/D 
and D/A conversion, display and clock drivers. 


SCHEMATIC DIAGRAM 
(one of four buffers) 


22 AMBIENT TEMPERATURE 
£2 (Ty)# 25°C 


OUTPUT VOLTAGE {Vo} - 


ttt 


INPUT (ecmaean: v 


Minimum and maximum transfer characteristics. 


CMOS QUAD BUFFER-DRIVER 


CONNECTION DIAGRAM 
(all packages) 


Vop 4A 4Y NC 3A 3Y NC 


12 11 
4441UB 


NC 1Y 1A NC 2Y 2A Vgg 


Add suffix for package: 
C  14-pin Cerdip F 14-pin Flat 
D 14-pin Ceramic H Chip 
E 14-pin Epoxy 


RECOMMENDED OPERATING CONDITIONS 
For maximum reliability: 
DC Supply Voltage Vopb- Vss 3to15 £Vde 


Operating Temperature TA 
C, D, F, H Device -55 to +125 OC 
E Device 40t0 +85 °C 


LOGIC DIAGRAM 


Typical propagation delay time vs. Cy 


SCL4441UB 


ELECTRICAL CHARACTERISTICS 
STATIC CHARACTERISTICS ' 


PARAMETER a 
| Min. | Max. | Min. | Typ. | Max. | Min. | Max. | 
QUIESCENT DEVICE 


CURRENT Vin = Veg OF Vop 
All valid input 
combinations 


OUTPUT HIGH (SOURCE) 
CURRENT 


‘(OUTPUT LOW (SINK) 


NOTES: ' Remaining Static Electrical Characteristics are listed under “4000B Series Family Specifications”. 
> TLow = -55°C for C, D, F, H device. 
= -40°C for E device. 
THiGH =+125°C for C, D, F, H device. 
=+ 85°C for E device. 


DYNAMIC CHARACTERISTICS (C, = S5SOpF, Ty = 25°C) 


Vpp 
PARAMETER (Vde) 


PROPAGATION DELAY TIME tetas OAL 
5 
10 


OUTPUT TRANSITION TIME 


Vos» DRAIN VOLTAGE (Vdc) 
-20 -18 -16 -14 -12 -10 -8 


1... DRAIN CURRENT (mAdc) 


6 8 10 12 
Vis. DRAIN VOLTAGE (Vdc) 


Typical P-Channel Typical N-Channel 
Source Current Characteristics Sink Current Characteristics 
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eg 


SCL4445B 
ain 
FEATURES 
@ Low Duty Cycle Push-Pull Outputs CONNECTION DIAGRAM 
@ inverter on Chip for Crystal Oscillator Circuit (all packages) 
@ Buffered Output Available for Trimming 7g Vsg NC NC fo/4 NC NC 
Oscillator 
@ 21 Fully Static Stages 
@ 10MHz Counting Rate @ 10Vdc 


DESCRIPTION 


The 4445B monolithic aluminum _ gate 
CMOS integrated circuit consists of an oscillator in- 
verter, 21 toggle flip-flops, and two flip-flops used 
to produce a 3.125% duty cycle output wave-form. 
Push-pull operation is provided by the inverter out- 
put buffers. A divide-by-4 frequency output is pro- 
vided as an oscillator monitor or subsidiary high 
frequency output. 

The 4445B is especially suited for low- 
power timekeeping applications such as desk or 
wall clocks, automobile clocks, and digital timing 
references. Its output is suitable for driving mini- 
ature synchronous motors, stepping motors, or ex- 
ternal bipolar transistors in push-push fashion. 

The 4445B is pin compatible with device 
type CD4045A. The extra function f,/4 is pro- 
vided on pin 11. 


TIMING DIAGRAM 


221 
“to 

Tq = 0.031257, 
T3 Lad OST, 


eae Bera 
oo 


(@; TO y OR y+¢ OUT) PROPAGATION DELAY TIME 
(tenet pun I—ms 


SUPPLY VOLTAGE (Vop)— Vv 


Typical propagation delay (f, to y or y + d out) 
vs. Vop. (Cy = SOpF). 
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V2 Vpp NC NC NC Y Yd 


Add suffix for package: 


16-pin Cerdip 
16-pin Ceramic 
16-pin Epoxy 
16-pin Flat 
Chip 


RECOMMENDED OPERATING CONDITIONS 
For maximum reliability: 
DC Supply Voltage Vpp-Vss 3to15 Vdc 


Operating Temperature TA 
C, D, F, H Device -55 to +125 OC 
E Device 40to +85 °C 


LOGIC DIAGRAM 


Monitor 


Oscillator 


haw 
x 
z 
. 
Ee 
~ 
> 
v 
z 
Ww 
2 
og 
WwW 
e 
w 
| 
2 
a 
iy 
- 
2 
a 
z 
bef 
< 
z 


Fe es ee eee cae 

Es epee See Sept ed eey ailing 

peleeba| atl eee baaetindie 

Fe Hey Sel cated lee tee ee rece el 

Bae ae at? et el Se Se 

Efe Ep 2 la ec eee eee 

Fs Fi el Rt ree eel ee 
fet reichiteul [3 Ee 
Eup rg erg ag aan 


8 
Bee VOLTAGE ( Vop! —vVv 


Typical fg vs. Vpp (Cy = SOpF). 


SCL4445B 
ELECTRICAL CHARACTERISTICS 
STATIC CHARACTERISTICS ' 


v T 725°C 
PARAMETER del CONDITIONS | Tuow? | +2°C HIGH” uni 
cee fae ate a ee 


QUIESCENT DEVICE 


CURRENT 5 | Vin =Vss orVpp] — 5 _ 0.05 5 _ 150 | uAdc 
10 | All valid input _ 10 — 0.1 10 — 300 
WS 5 | combinations — 20 - 0.2 — 2 20 _ 600 


ee a ee ee + ee eee ee — +e —_— ——— a eee ns 


NOTES: ! , Remaining Static Electrical Characteristics are listed under “4000B Series Family Specifications”. 
* TLow =-55-C for C, D, F, H device. 
= -40° C for E device. 
THIGH = +125°C for C, D, F, H device. 
=+ 85°C for E device. 


DYNAMIC CHARACTERISTICS (C, = 50pF, T, = 25°C) 


Voo 
PARAMETER wee | Min | tye, | Mex. | Units | 


OUTPUT TRANSITION TIME ae ae 
_ 100 200 ns 
i; = 50 100 
eee ee eee oes Oh ss es ee Ct cee te a US — 40 80 
MAXIMUM CLOCK FREQUENCY te 
5 3 6 _ MHz 
10 5 10 oe 
ee 7 15 6 12 = 
MAXIMUM CLOCK RISE AND FALL TIME ‘hese hey 
5 15 — - Ls 
10 15 _ — 
5 5 - — 


Vos, DRAIN VOLTAGE (Vdc) 
18 -16 -14 -12 -10 -8 -6 


g 
Ee 
—=— 
_ 
=z 
x) 
ee 
ce 
— 
(x) 
Fi 
(— 

a 


° 
: 
2 
z 
= 
3 
e 


12 14 
Vos, DRAIN VOLTAGE (Vdc) 


Typical P-Channel Typical N-Channel 
Source Current Characteristics Sink Current Characteristics 
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SCL4445B 


LOGIC DIAGRAM 


APPLICATIONS INFORMATION 


RECOMMENDED CIRCUIT 
FOR 2.097152 MHz OSCILLATOR 


iS) 


R1=10M 22 
R9=2KQ2 

Ci = 120 pF 
C2 = 5-30 pF 


CR = 2.097152 MHz 
Quartz Crystal 


ili Ps 
E 


Typical clock motor driver 
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SOLID | 
STATE Ng SCL4449UB 
SCIENTIFIC 


CMOS HEX INVERTER 


FEATURES 
@ All Inputs Fully Diode-Protected CONNECTION DIAGRAM 
@ Pin Compatible with 4009B, 4049B (all packages) 


® Fully “B’-Series Compatible 


Vpop6Y 6A NC SY 5A 4Y 4A 


DESCRIPTION 
The 4449UB consists of six CMOS inverter 6 1 4 13 12 Th 
circuits. It is pin-compatible with the 4009UB, 4449UB 
4049UB, and equivalent device types. In sys- 4 9 
tems which do not require the high output current 
and level-shifting capabilities of the buffers, the less Vop 1Y 1A 2¥ 2A 3Y 3A Vgg 
expensive 4449 can be substituted directly 
with no change in board layout. The device is part- Add suffix for package: 
icularly useful for quasi-linear circuits, such as os- 16-pin Cerdip 
cillators and multivibrators. 16-pin Ceramic 


16-pin Epoxy 
16-pin Flat 


SCHEMATIC DIAGRAM 
Chip 


(one of six inverters) 


RECOMMENDED OPERATING CONDITIONS 
For maximum reliability: 
DC Supply Voltage Vpp-Vsg 3to15 Vde 


Operating Temperature TA 
C, D, F, H Device -55 to +125 OC 
E Device 40 to +85 9C 


LOGIC DIAGRAM 


’ 
? 
‘ 
re 
6 


a seeasae 
auane-_: aeoene £888 


INPUT VOLTAGE (vz) —V 


Typical current and voltage transfer characteristics. 
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SCL4448UB 


ELECTRICAL CHARACTERISTICS 
STATIC CHARACTERISTICS ' 


V | Tow? | [ tase °c L  TrcH? | 
PARAMETER de CONDITIONS Low: mises 
[ _ranaweren [3 a a ae 


QUIESCENT DEVICE 
CURRENT 0.05 pAdc 
0.10 
0.20 


NOTES: ! , Remaining Static Electrical Characteristics are listed under “4000B Series Family Specifications”. 
2 TLow =-55°C for C, D, F, H device. 
= -40° Cc for E device. 
THIGH = +125" C for C, D, F, H device. 
=+ 85°C for E device. 


All valid input 
combinations 


DYNAMIC CHARACTERISTICS (C, = 50pF, Ta = 25°C) 


PARAMETER 
PROPAGATION DELAY TIME 


OUTPUT TRANSITION TIME 


Vos, DRAIN VOLTAGE (Vdc) 
-20 -18 -16 -14 -12 -10 -8 -6 


EE, 
(7) 
a 
E 
= 
-_ 
= 
wy) 
4 
= 
| 
oe 
= 
E 


(spyw) INJHUND NivVua “) 


8 10 12 14 16 
Vos, DRAIN VOLTAGE (Vcc) 


Typical P-Channel Typical N-Channel 
Source Current Characteristics Sink Current Characteristics 


APPLICATIONS INFORMATION 


1/6 4449UB 343 4449UB 


1/3 4449U6 


se Lai al al 


Re 
UPPER SWITCHING POINT : 


5M2SR;S100M2 


Rg =(5X~10X) Rgixtac) 


p* 


RgtRe Voo 
OsCr Ry 2 
Cs+Cy 


= Coixtau 


fsocl 
2.2R;C; 


LOWER SWITCHING POINT: 

Re~ Rs Von 
a oo 
Ry > Rg 


Vy 


Rg = (2X-10X) Ry 


Typical crystal oscillator circuit Typical RC oscillator circuit Input — shaping circuit (Schmitt 
trigger 
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a 
SOLID Ng 


STATE SCL4502B 
SCIENTIFIC 
FEATURES 
@ 3State Outputs with Separate Disable Control CONNECTION DIAGRAM 
@ Common Input Inhibit Line (all packages) 
@ TTL Output Drive Guaranteed Over 
Temperature Range Vpp D6 Q6 DS Inh OS D4 a4 
@ Output Impedance < 200192 @ 5Vdc Guaranteed 
Over Temperature Range 
DESCRIPTION 
The 4502B is a Strobed Hex Inverter/Buf- 
fer with a common Data Input Inhibit Contro! and D3 Q3 D1 Dis Q1 D2 Q2 Vg¢ 
a common Output Disable Control. The 3-state 
output allows common bus configurations. Add suffix for package: 
C  16-pin Cerdip F 16-pin Flat 
TRUTH TABLE D 16-pin Ceramic H = Chip 


E 16-pin Epoxy 


RECOMMENDED OPERATING CONDITIONS 
For maximum reliability: 
DC Supply Voltage Vpp-Vss 3to15 Vdc 


Operating Temperature TA 
C, D, F, H Device -55 to +125 OC 
E Device 40to +85 9 


X = Don’t Care 


SCHEMATIC DIAGRAM (1 of 6 buffers) 
LOGIC DIAGRAM 


14 «G8 


Voo = Pin 16 
Vas* Pin @ 


Vos. DRAIN VOLTAGE (Vdc) 
-20 -18 -16 -14 -12 -10 -8 6 -6 


3 
= E 
2 = 
3 > 
S rs 
[. <4 
2 3 
C] =z 
2 = 
z =] 
y pan a 
——— aa 
—_ : 1 
et ee ee ee Voe, DRAIN VOLTAGE (Vee) 
Typical P-Channel Typical N-Channel 
Source Current Characteristics | Sink Current Characteristics 


206 


SCL4502B 


ELECTRICAL CHARACTERISTICS 
STATIC CHARACTERISTICS ' 


V 
PARAMETER DD | CONDITIONS Low. 
| PARAMETER (Vde) | conprrions | Tu Ma eee oe 


QUIESCENT DEVICE 
CURRENT 0.005} 1.0 30 |uAdc 
0.01 | 2.0 60 
0.02 | 4.0 120 
OUTPUT LOW (SINK) 
3.5 2.8 | 5.7 _ 2.0 - mAdc 
7.8 6.3 (12.5 _ 4.4 _ 
29 24.0 |49 —- 16 _ 
ey ag 


CURRENT 


NOTES: ' Remaining Static Electrical Characteristics are listed under “4000B Series Family Specifications”. 
2 TLlow = -55° C for C, D, F, H device. 
= -40° C for E device. 
THIGH = +125° C for C, D, F, H device. 
= + 85°C for E device. 


Vin = Vss OF Vop 
All valid input 
combinations 


3-STATE OUTPUT 
LEAKAGE CURRENT 


DYNAMIC CHARACTERISTICS (C, = 50pF, Ta = 25 C) 


PROPAGATION DELAY TIME 
From Data Inputs 


From Disable teuz. tpi2 


tpzH. teze 


OUTPUT TRANSITION TIME 


Sweets h Poset-ons for 3 State Fest 


‘pz Over Croses | Coser 
"pez Cosed Ones Qoen 
‘pz Crosea | Quer Oven 
p24 Goen Croset | Crosest 


«OSV @Vo0°- 
10V. and 15 Vv 


= 10V@Vop* 15 V 


SS VOL 


3-State AC Test Circuit and Waveforms (tpyjZ2, tpZH, tPLZ, tPZL) 
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SOLID <> 
STATE NB 
SCIENTIFIC 


SL4504B 


PRELIMINARY 


FEATURES 


@ Up and down level-shifting capability 

Mi Input Threshold Can Be Shifted for TTL 
Compatibility 

Mi 3 to 18 Vdc Operation for Vpp and Voc 

@ Diode Protected Inputs to Vgc 


DESCRIPTION 


The 4504B is a non-inverting hex level shifter that is 
designed to shift a TTL signal to CMOS logic levels 
for any CMOS supply voltage between 5 and 15 
volts. The control input allows interface from CMOS 
to CMOS at one logic level to another logic level. 


The Vpp level selects the output voltage levels and 
the Vcc level sets the input signal levels. 


HEX NON-INVERTING LEVEL SHIFTER 


CONNECTION DIAGRAM 
(all packages) 


Vpoo Fout Fin Mode Eout Ein Dout Din 


Voc Aout Ain Bout Bin Cout Cin Vss 


Add suffix for package: 


C 16-pin Cerdip F 16-pin Flat 
D 16-pin Ceramic H Chip 
E 16-pin Epoxy 


RECOMMENDED OPERATING CONDITIONS 
For maximum reliability: 


DC Supply Voltage Vpop— Vss 3to 15 Va 
Operating Temperature Ta 
C, D, F, H Device —55to +125 °C 
E Device —40to +85 °C 


LOGIC DIAGRAM 


Input © 


TTL/CMOS 


Mode (_}. Mode Select 


1/60f package shown 


C) Output 


Mode Select 1 = TTL Mode 
0 = CMOS Mode 


SCL4504B 


STATIC CHARACTERISTICS 


PARAMETER CONDITIONS 
QUIESCENT DEVICE 
CURRENT Vin = Vss or Vop i 0.05 pAdc 
All valid input 0.1 
combinations 0.2 


NOTES: ' Remaining Static Electrical Characteristics are listed under “4000B Series Family Specifications’ 


0.0005 
0.001 
0.002 


2 Ti ow = —55°C for C, D, F, H device. 
= —40°C for E device. 
THIGH = +125°C for C, D, F, H device 


+ 85°C for E device. 


DYNAMIC CHARACTERISTICS (C, = 50pF, Ta = 25°C) 


PROPAGATION DELAY, 
HIGH TO LOW 


CMOS — CMOS 
Vop > Vcc 


CMOS -— CMOS 
Vcc > Voo 


PROPAGATION DELAY, TTL — CMOS 
LOW TO HIGH Vpp > Vec 


CMOS — CMOS 
Vop > Vcc 


CMOS — CMOS 
Vcc > Vop 
OUTPUT RISE tTLH, tTHL 
AND FALL TIME 
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SOLID G 
STATE Wa SCL4508B 


SCIENTIFIC 


CMOS DUAL 4-BIT LATCH 


FEATURES 

¢ Two Independent Four-Bit Latches CONNECTION DIAGRAM 

® 3-State Outputs (all packages) 

® Direct Reset 

@ All Inputs Buffered Q3g Q2g Qlg Q0g Disg MRg 

DESCRIPTION 24 23 22 21 20 19 18 17 16 15 14 13 
The 4508B consists of two identical inde- 4508B 

pendent 4-Bit Latches with separate Strobe (ST) 1 23 4 5 67 8 9 10 11 12 

and Master Reset (MR) controls. Separate Disable 

inputs force the outputs to a high-impedance MRa | Disa | QO, 


state for bus line applications. ST~ DO,” Din D2aq D3, Veg 


These devices find primary use in buffer stor- 
age, holding register, and display circuits, and other 
general digital logic applications. : 

Add suffix for package: 
D 24-pin Ceramic 
E 24-pin Plastic 
H Chip 


RECOMMENDED OPERATING CONDITIONS 

For maximum reliability: 
DC Supply Voltage Vpp-Vss 3to15 Vdc 
Operating Temperature Tap 


D, H Device -55 to +125. oc 
E Device 40 to +85 9C 
TRUTH TABLE BLOCK DIAGRAM 


X = Don't Care 


Vop 7 Pin 24 
Vss * Pin 12 
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SCL4508B 


ELECTRICAL CHARACTERISTICS 


STATIC CHARACTERISTICS ' 
a 


ao 
PARAMETER 
| _ranaweren |v aT toe To 


QUIESCENT DEVICE 
CURRENT 5 VIN = Ves or Vop 5 150 pAdc 
10 | All valid input i io ae 
15 | combinations 20 


3.STATE OUTPUT LEAKAGE |Ia, {8 ae 
CURRENT +0.1 ee +1.0 eae 


NOTES: ' , Remaining Static Electrical Characteristics are listed under “4000B Series Family Specifications”. 
2 Trow = -55°C for D, H device. 
= -40° C for E device. 
Tuicn =+125°C for D, H device. 
=+ 85°C for E device. 


DYNAMIC CHARACTERISTICS (C, = 50pF, Ta = aS 


PARAMETER M ie) Min, Typ. | Max. Units 


PROPAGATION DELAY TIME 
From Data Inputs tecH. tpHLe 
- 220 440 ns 
- 90 180 
- 60 120 


From Disable Input tpHz. tpLz 


tezH, tpze 


OUTPUT TRANSITION TIME 


MINIMUM MASTER RESET PULSE WIDTH 


MINIMUM STROBE PULSE WIDTH 


MINIMUM SETUP TIME 
Data Inputs 


MINIMUM HOLD TIME 
Data Inputs 


Vos, DRAIN VOLTAGE (Vdc) 
-20 -18 -16 -14 -12 -10 -8 -6 


g 
4 
E 
_ 
=z 
bad 
3 
cc 
—| 
(x ) 
1 
—) 

a 
_ 


z 

2 
z 
iw] 
4 
a 
a 
m 
z 
= 
F 
° 
—_ 


10 12 14 
Vos, DRAIN VOLTAGE (Vdc) 


Typical P-Channel Typical N-Channel 
Source Current Characteristics Sink Current Characteristics 
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SCL4508B 


3-STATE AC TEST CIRCUIT AND WAVEFORMS 


Pulse 


[orem 


etOSE | OPEN | 
E 


rz] 
Tez. | CLOse | OPEN 


Orsable 
tePLz 


=25V@Vop=- SV, 
10 V, and 15 V 
Q3 Output tpyz —-H b-'ezH 
' 2V @Voo - §V 


10V @Vpop = 15V 
10% 
You 


APPLICATIONS INFORMATION 
BUS REGISTER 


Reset 
Clock 


4-Bit Shift 
Register 


4 Bit Shift 
Register 


Serial 
Data 


J 


Strobe 
fess ngs 
Quad Latch Quad Latch | 
bisabia (3-State) (3-State) | 
Disable 


4 Line Data Bus 


[ oe es eee 


| 3-State | 3-State | 
| 4-Bit Latch | 4-Bit Latch | 
| 


SCL | SCL | 
45088 
Inhibit (all 0) 


Select A Bus 
Select B Bus 
Aj + Bj 


4-Line Data Bus 
J. —i 
4-Line Data Bus 


3-State 3-State 
4-Bit Latch 4-Bit Latch 


| 
| 
| 


FUNCTION SELECT 
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SOLID 
STATE Sg 
SCIENTIFIC 


FEATURES 


internally Synchronous for High Speed 
Asynchronous Preset Enable 
Asynchronous Reset 

Logic Edge-Clocked Design 

6MHz Counting Rate @ 10Vdc 

Carry Output for Cascading Stages 


Sd i di i dd 


DESCRIPTION 


The 4510B consists of a four-stage Up/ 
Down Counter with provisions for “look-ahead” 
carry in both counting modes. The inputs consist 
of a single Clock, Carry-in (Clock Enable), Reset, 
Up/Down, Preset Enable, and four individual Jam 
signals. Four separate buffered QO signals and a 
Carry out signal are provided as outputs. 

A high Preset Enable signal allows information 
on the Jam inputs to preset the counter to any 
state asynchronously with the Clock. A high on the 
Reset line resets all stages to the ‘zero’ state. The 
counter is advanced one count at the positive 
transition of the Clock when the Carry-in and 
Preset Enable signals are low. Advancement is 
inhibited when the Carry-in or Preset Enable 
signals are high. The Carry-out signal is normally 
high and goes low when the counter reaches its 
maximum count in the Up mode or the minimum 
count in the Down mode, provided the Carry-in 
signal is low. The Carry-in signal in the low state 
can thus be considered a “‘Clock Enable.” The 
Carry-in terminal must be connected to Vg, when 
not in use, 

The counter counts Up when the Up/Down 
input is high, and Down when the Up/Down input 
is low. Multiple packages can be connected in 
either a parallel-clocking or a ripple-clocking ar- 
rangement. Parallel clocking provides synchronous 
control and hence faster response from ail counting 
outputs. Ripple-clocking allows for longer clock 
input rise and fall times. 

This counter finds primary use in up/down and 
differential counting and frequency synthesizer 
applications. It is also useful in A/D and D/A 
conversion and for magnitude and sign generation. 


TRUTH TABLE 


xX = Don't Care 


SCL4510B 


CMOS BCD UP/DOWN COUNTER 


CONNECTION DIAGRAM 
(all. packages) 


Vpp CL a3 P3 P2 Q2 U/D R 


PE Q4 P4 P1 CI Qi CO Vgs 


Add suffix for package: 


16-pin Cerdip 
16-pin Ceramic 
16-pin Epoxy 
16-pin Flat 
Chip 


RECOMMENDED OPERATING CONDITIONS 
For maximum reliability: 
DC Supply Voltage Vpp- Vss 3to15 Vdc 


Operating Temperature TA 
C, D, F, H Device -55 to +125 OC 
E Device 40to+85 °C 


BLOCK DIAGRAM 


Voo « Pin 16 
Vss* Pin8 
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SCL4510B 


LOGIC DIAGRAM 


TIMING DIAGRAM 


Up/Down 


Reset “TTT TT 


e PEER 
EEE Be ire 


a 


PERCE ECC TC 


2); 3/4/S5/6};7/}e][9], 8;{/7/ 6) 5/413 
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SCL4510B 


ELECTRICAL CHARACTERISTICS 
STATIC CHARACTERISTICS' 


V | Trow? | eas°c °c | THcH? _| 
PARAMETER de) CONDITIONS LOW. 
ae rin. Lee | nF Te fi Min en 
QUIESCENT DEVICE CURRENT 0.05 150 | pAdc 
ic 0.1 300 
20 0.2 600 


NOTES: ! , Remaining Static Electrical Characteristics are listed under “40008 Series Family Specifications”. 
2 TLow = -55" C for C, D, F, H device. 
= -40° C for E device. 
THIGH = +125" C for C, D, F, H device. 
=+ 85°C for E device. 


Vin= Vss or Vop 
All valid input 
combinations 


ie CHARACTERISTICS (C, = 50pF, Ta = 25°C) 


[PARAMETER 


CLOCKED OPERATION 


PROPAGATION DELAY TIME 
Clock to O 


teLH. tepHL 


210 420 


Clock to C Out 
ock to Carry Ou 120 240 


Carry In to Carry Out 


OUTPUT TRANSITION TIME 


MINIMUM CLOCK PULSE WIDTH 


MAXIMUM CLOCK FREQUENCY 


MAXIMUM CLOCK RISE AND FALL TIME! 


MINIMUM SETUP TIME 
Carry In 


Up/Down 


250 500 
100 200 
75 150 


PRESET OR RESET OPERATION 


PROPAGATION DELAY TIME 
Preset Enable or Reset to Q 


Preset Enable or Reset to Carry Out 


MINIMUM PRESET ENABLE OR RESET 
PULSE WIDTH 


PRESET ENABLE OR RESET REMOVAL TIME 


1 When units are cascaded, the maximum rise and fall times of the clock input should be equal to or 
less than the transition times of the data outputs driving data inputs, plus the propagation delay of 
the output driving stage for the output capacitive load. 
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SCL4510B 


Vos, DRAIN VOLTAGE (Vdc) 
- 20 -18 -16 -14 -12 -10 -8 -6 


Cees 
3 
E 
— 
— 
=z 
us 
c 
= 
= 
© 
Fi 
—) 
2 


(spyw) INAHEND NIVUO *”s 


14 
Vos, ORAIN VOLTAGE (Vdc) 


Typical P-Channel Typical N-Channel 
Source Current Characteristics Sink Current Characteristics 


APPLICATIONS INFORMATION 
CASCADING COUNTERS 


PARALLEL CLOCKING 


UO PE P1 PP? PI Pa UD PE PI P2 PZ PA UVUOwE PIP? P23 P4 


ct 45108 CO qc: 4s108 «6s CO ary 45108 CO 
4 


R Cr. ora? a3 x R Cr. Q1g2 0304 R Cr. O11 02 03 04 


The Up/Down control can be changed at any count. The only restriction on changing 
the Up/Down control is that the clock input to the first counting stage must be “high” 


Trhumbdwheol Switches 
(Open tar 0") Resstore = 1080 


tin 
¢ —_ 
our* 


Open = Count 


Programmable Cascaded Frequency Divider 
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SOLID > 
STATE SO 
SCIENTIFIC 


SCL4511B 


CMOS BCD-TO-SEVEN SEGMENT LATCH/DECODER/DRIVER 


FEATURES 

High-Current Sourcing Bipolar Outputs (Up to 
25 mA) 

Latched Storage of Input Code 

Blanking Input for Display Intensity Modu- 
lation 

Lamp Test Provision 

Readout Blanking for Illegal Input Combi- 
nations 


ee of 


DESCRIPTION 


The 4511B provides the functions of a 
4-bit storage latch, an 8421 BCD-to-seven segment 
decoder, and an output drive capability to source 
up to 25 mA of current. Lamp Test, Blanking, and 
Latch Enable inputs are used to test the display, 
turn off the display, and store a BCD code, 
respectively. it can be used with LED, incandes 
cent, fluorescent, gas discharge, or liquid crystal 
readouts either directly or indirectly. 

Applications include counter display drivers, 
seven-segment decimal display, and various clock, 
watch, and timer uses. | 


TRUTH TABLE 


(le[erfit[o ce Ale b cd et o [DISPLAY] 


[x fof.1[x x x x/0 0 0 0 00 Of Blank | 
0 0000;1 11311 114 0 

0 000313/0110000 

0 001011 1033090 «1 

0 00 1144/41 713141 001 

¢] 01003;01%1001 1 4 
0 010313110341 071 =1 5 
0 0O11%41aq;0 011 14119 «1 6 
0 014% 147/171 10000 7 
0 1000;1 1314 11 «21 8 
ie] 100%313/7;11%%313%0601 «1 9 
4] 10310/;/0000000 Blank 
0 10O 1110000000 Biank 
0 11 0090/;0000000 Blank 
0 1101317000000 0 Blank 
Oo 711 1 0/00 00000 Blank 
0 11 17110000000 Blank 


X = Don’t care 


* Depends upon the BCD code applied during the 0 to 1 
transition of LE. 


BLOCK DIAGRAM 


Voo* Pin 16 
Vss 7 Pin8 


—| 2) 
Cl} 


CONNECTION DIAGRAM 
(all packages) 


Segment Outputs 


LE OD A Vgs 


Add suffix for package: 
16-pin Cerdip 
16-pin Ceramic 
16-pin Epoxy 
16-pin Flat 
Chip 


RECOMMENDED OPERATING CONDITIONS 


For maximum reliability: 


DC Supply Voltage Vpp-Vss 3to15 Vdc 


Operating Temperature Ta 
C, D, F, H Device 55 to +125 °C 
E Device 40 to +85 °C 


= — 


CERATED OUTPUT 4 
CURRENT 
——_ = QuTPUT ORIVE — 
CURRENT 


NQumas (25°C) j 


bd 


t ton 'Voo :.15 = 


OUTPUT CURRENT (SOURCE) mA) 
ion. OUTPUT DRIVE CURRENT (SOURCE)(mA) 


lon. MAXIMUM CONTINUOUS DERATED 
we 
° 


Voo CC SUPPLY VOLTAGE IVec) ———— 
Von. OUTPUT DAIVE VOLTAGE (Veco = 


Typical P-Channel 
Source Current Characteristics 


The maximum continuous (worst case) derated 
Output drive current applies to a single output 
with all other outputs sourcing an equal amount of 
current. Operation above the derating curve at a 
given temperature is not recommended. 


SCL4511B 
ELECTRICAL CHARACTERISTICS 


STATIC CHARACTERISTICS: ; 


= 
iehat [Min.|Max. | Min] Typ. [Max.| Min/Max. | 


QUIESCENT , 
0.05 150 | wAdc 
0.1 300 
0.2 600 


DEVICE CURRENT Vin = Vgs ©F Vop 
All valid input 
combinations 


OUTPUT DRIVE 
VOLTAGE 


OUTPUT LOW 
(SINK) CURRENT 


Vin =Vss or Vop 


NOTES: ' Remaining Static Electrical Characteristics are listed under “4000B Series Family Specifications”. 
Tow 2 -55°C for C, D, F, H device. 
= -40°C for E device. 
Tuicn ® +125°C for C, D, F, H device. 
= + 85°C for E device. 


DYNAMIC CHARACTERISTICS (C, = 50pF, Ta = 25°C) 
PARAMETER 


PROPAGATION DELAY TIME 
From Data Inputs 


i 
a po |e 
wahoo 
Ss8 


WL 


From Blanking Input 


foun 


8 


From Lamp Test Input feLy 


8 
8 


tent 


OUTPUT TRANSITION TIME 


MINIMUM DATA INPUT SETUP TIME 


MINIMUM DATA INPUT HOLD TIME 


MINIMUM LATCH ENABLE PULSE WIDTH 


- £ 7 ; 
° - z i 
a 5 r x 
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LOGIC DIAGRAM 


SCL4511B 


APPLICATIONS INFORMATION 
DISPLAY CONNECTIONS 


LIGHT EMITTING DIODE (LED) READOUT 


Common 
Anode LED 
Common 
Cathode LED 


45118 4511B 
OUTPUT OUTPUT 


INCANDESCENT READOUT 
Voo 


FLUORESCENT READOLT 


Ovrect 
{Low Brightness) 


45118 
OUTPUT 


Filament 
supply 


= Vss or appropriate 
voltage below Vgc 


#8A filament pre-warm resistor is recommended 
to reduce filament therma! shock and 
increase the effective cold resistance of the 


filament. 
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GAS DISCHARGE READOUT 


Anpropriate 
Voltage 


4511B 
OUTPUT 


Liquid CRYSTAL (LCOr Excitation 


READOUT (Square Wave. 
Vss to Vpoop! 


45118 


OUTPUT 1°4 Of 40308 


Direct de drive of LCU’s not recommended 
for life of LCO readouts. 


SOLID NB 


STATE $CL4512B 
SCIENTIFIC 
CMOS 8-CHANNEL DATA SELECTOR 
FEATURES 
® 3-State Output with Disable Control CONNECTION DIAGRAM 
© Separate Inhibit Input (all packages) 
® Selects One of Eight Data Sources 
® Performs Parallel-To-Serial Conversion Vpp Dis Z C B A 
DESCRIPTION 


The 4512B is an 8Channel Data Selector 
with Function Inhibit and Output Disable controls. 
One of eight binary inputs is selected by Select 
inputs A, B, and C, and is routed to the output Z. XO X1 X2 X3 X4 X5 X6 Ves 
A high on the Disable input causes the Z output to 
assume a high-impedance state, regardless of other 


input conditions. This allows the output to inter- Add suffix for package: 


face directly with bus-oriented systems. When the 16-pin Cerdip 
Inhibit input is high, it forces the output low, 16-pin Ceramic 
providing the Disable input is low. By manipula 16-pin Epoxy 
tion of the inputs, the 4512B can provide any 16-pin Flat 


logic functions of four variables (see Applications Chip 
Information). 


RECOMMENDED OPERATING CONDITIONS 
For maximum reliability: 
DC Supply Voltage Vpp-Vss 3to15 Vdc 


Operating Temperature Tay 
C, D, F, H Device 55 to +125 OC 
E Device 40 to +85 °C 


TRUTH TABLE 


BLOCK DIAGRAM 


e Oisable 2 
e- mons care Inhibit 


3 
1 
2 
3 
4 
5 
6 
7 
9 


Voo = Pin 16 
Vss = Pin8 
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SCL4512B 


ELECTRICAL CHARACTERISTICS 
STATIC CHARACTERISTICS ' 


PARAMETER [se CONDITIONS 


QUIESCENT DEVICE CURRENT 
= 150 | wAdc 
All valid input oe 
combinations 


3-STATE OUTPUT LEAKAGE {ot 
CURRENT +0.1 +1.0 | uAdc 


NOTES: ! , Remaining Static Electrical Characteristics are listed under “4000B Series Family Specifications”. 
2 TLow = -55°C for C, D, F, H device. 
= -40° C for E device. 
Tuigu = +125°C for C, D, F, H device. 
=+ 85°C for E device. 


DYNAMIC CHARACTERISTICS (C, = 50pF, Ta = 25°C) 


Vo 
PARAMETER (V ms) 


PROPAGATION DELAY TIME 
From Inhibit 


From Select Input tPLH, tPHL 


From Data Input tPLH, tPHL 


From Disable teyz. tpzH 


tpiz. teze 


OUTPUT TRANSITION TIME trun trae 


Vos, DRAIN VOLTAGE (Vdc) 
-20 -18 -16 -14 -12 -10 -8 -6 


lor, DRAIN CURRENT (mAdc) 


> 
$ 
2 
=z 
ix] 
i= 
a 
a 
mm 
r + 
por 
=_ 
: 
= 


6 8 10 12 14 16 


Vos, DRAIN VOLTAGE (Vdc) 


18 20 


Typical P-Channel Typical N-Channel 
Source Current Characteristics Sink Current Characteristics 
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SCL4512B 
LOGIC DIAGRAM 


Voo = Pin 16 
Vss =Pin 8 


Xl 


X2 « 


X3 ¢ 


X4¢ 


X5 ¢ 


X6 ¢ 


X7 « 


YVVVVV VV 


Disable e 


Pulse 
Generator 
O'sable 


Output *o Vo.{= 25V@Voo SV, 
tpZH 


10V.anad15V 
= 2V@Vo0 5V 
Output VOX}: 6V@Vop 10V 
> 10V@VpHpH 15V 


iv 
= “SS Vou 


Switch Positions for 3-State Test 


Open Closed Closed Open 
Closed Open Open Close 
Closed Open Open Closed 

Open Closed Ctosed Open 


3State AC Test Circuit and Waveform 
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SCL4512B 


APPLICATIONS INFORMATION 
32-INPUT MULTIPLEXER 


Output terminals of several 4512B devices 
can be connected to a single data bus. One 
4512B is selected by the <3state Disable 
control, and the remaining devices are disabled into 


(INPUT INPUT 
32-(NPUT MULTIPLEXEA, Me 3 
THE INPUT IS SELECTED an3 
BY S-BIT ADDRESS A, - Ap 
AND PRESENTED AT 
THE OUTPUT 


tan Oe KP ROMS MORK RZ XI XO 


a high-impedance state. A 32-input multiplexer 
utilizing four 4512B data selectors and a single 
4011B is shown. 


INPUT INPUT 
10 


1an Ove M7 XG MGS MAND RIND RO 


a 
8 
¢c 


LOGIC FUNCTION GENERATORS 


In addition to the standard application of 
multiplexers in data conversion techniques, these 
circuits can also be used in generating logic 
functions, which in many cases can reduce system 
package count. 

A multiplexer is a multiple-position single-pole 
switch. One set of inputs selects the position of the 
switch. The second set of inputs collects the input 
data, which is transferred through the circuit to 
One output. By using the binary select inputs and 
the data inputs, the 4512B can generate any of 
the 65,536 different functions of four variables. 

Assume the four binary inputs are A, B, C, and 
D, and that Z is the desired function. Using the 


INPUT VARIABLES REQUIRED FUNCTION 


ee rier eee 
2 eS 26 ror 
exrrreezro2ere 
esr rere zee 


. > 
° @ 
° @] 
. Oo 
col 


H = HIGH Level 
L = LOW Level 
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select inputs as the first three variables, any 
combination of A, B, and C will select a data input 
(assuming the output is enabled). For each combi- 
nation of A, B, and C, the required output, as a 
function of the fourth variable D, can be HIGH or 
LOW or the same as D or the inverse of D. 
Therefore, the truth table may be examined and 
each data input of the 4512B is connected to 
Vpp. Vss, D, or D as required. In such fashion, 
the function is generated, 

In the example shown, the first two outputs are 
the inverse of D, so XO is connected to D. The 
next two are HIGH, so X1 is connected to Vopp, 
etc, 


sone & SCL4514B 

sTaTE Ni 

SCIENTIFIC SCL4515B 
CMOS 4-TO-16 LINE DECODERS WITH LATCH 

FEATURES 


@ Strobed Input Latch 

@ Inhibit Control 

® Selected Output Active High (45148) or 
Active Low (4515B) 


DESCRIPTION 


The 45148 and 45158 are two. out 
put options of a 4to-16 Line Decoder with 
Latched Inputs. The 4514B presents a logic 
“1° at the selected output, and the 4515B 
presents a logic ‘0’ at the selected output. The 
latches hold the last input data presented prior to 
the Strobe transition from “1” to “0”. Inhibit 
allows all outputs to be placed at “0” 
(4514B), or “1” (4515B), regardless of 
the state of the Data or Strobe inputs. 

Applications include code conversion, address 
decoding, memory selection control, demultiplex- 
ing, and readout decoding 


TRUTH TABLE (Strobe = 1) 
Selected Output 
4514B = Logic “1” 


DCBA 4515B = Logic “0” 


0 0 0 
000 1 
00 1 0 
oO o1 1 
0100 S4 
07170 1 $5 
011 0 S6 
oO 11 1 $7 
1000 Ss8 
1001 $9 
101 0 $10 
101 1 S11 
1100 
11 0 1 
1 1 1 ~°0 
1 11 «71 


= "0", 45148 


All Outputs 


= hd | oe 
’ 


> eooo0ecocoelc°cco (‘7% 


X = Don’t Care 


CONNECTION DIAGRAM 
(all packages) 


Data 
Inputs Outputs 


RP SEO 
D4 $12 


24 23 22 21 20 19 18 17 16 15 14 13 
4514B 4515B 
1 23 4 5 6 7 8 9 10 11 12 


Data Outputs 
Inputs 


Add suffix for package: 


D 24-pin Ceramic 
E 24-pin Epoxy 
H Chip 


RECOMMENDED OPERATING CONDITIONS 
For maximum reliability: 
DC Supply Voltage Vpp-Vss 3to15 Vdc 


Operating Temperature Ta 
D, H Device -55 to +125 OC 
E Device 40 to +85 OC 


BLOCK DIAGRAM 


Vop = Pin 24 
Vsg = Pin 12 


mararaa a aA AaVAlAi A 
oO 0 0l0!1 Oi Ci Ol OF OF OI 


co 


1D DID DID DID DID bi pD pi 
(oO DOD @ BI GI ow wo ow Oo 


224 


SCL4514B, SCL4515B 
ELECTRICAL CHARACTERISTICS 
STATIC CHARACTERISTICS' 


Vv 
PARAMETER DD | CONDITIONS 
| ranaweren | 0 a acer eee 


QUIESCENT DEVICE CURRENT 
- rg 150 | uAdc 
3 300 
20 600 


NOTES: ' Remaining Static Electrical Characteristics are listed under “4000B Series Family Specifications”. 
2 Trow =-55°C for C, D, F, H device. 
= -40° Cc for E device. 
Tuicn =+125°C for C, D, F, H device. 
=+ 85°C for E device. 


DYNAMIC CHARACTERISTICS (C, = 50pF, Ta = 25 C) 


Vop 
wa | mi | Tye. | Max. | Unite 


trix. tTH 


Te 


Vin =Vss OF Vop 
All valid input 
combinations 


| PARAMETER | 


ae... DELAY TIME 
From Data Inputs 


From Inhibit Input 


OUTPUT TRANSITION TIME 


MINIMUM DATA INPUT SETUP TIME 


MINIMUM STROBE PULSE WIDTH 


Vog, DRAIN VOLTAGE (Vdc) 
-20 -18 -16 -14 -12 -10 -8 -6 -4 


lou. ORAIN CURRENT (mAdc) 


: 
z 
2 
= 
x 
] 
m 
= 
a 
3 
= 
= 


6 8 10 12 14 
Vos, DRAIN VOLTAGE (Vdc) 


16 18 


Typical P-Channel Typical N-Channel 
Source Current Characteristics Sink Current Characteristics 
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SCL4514B, SCL4515B 


LOGIC DIAGRAM 


AN Ay AN AW A A A Oar A Ne A AS 


~~ 
In 45158 Only 
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inhibit 230 


SOLID 
STATE SB 
SCIENTIFIC 


FEATURES 


Internally Synchronous for High Speed 
Asynchronous Preset Enable 
Asynchronous Reset 

Logic Edge-Clocked Design 

6MHz Counting Rate @ 10Vdc 

Carry Output for Cascading Stages 


eee oes 


DESCRIPTION 


The 4516B consists of a four-stage Up/ 
Down Counter with provisions for ‘‘look-ahead” 
carry in both counting modes. The inputs consist 
of a single Clock, Carry-in (Clock Enable), Reset, 
Up/Down, Preset Enable, and four individual Jam 
signals. Four separate buffered Q signals and a 
Carry-out signal are provided as outputs. 

A high Preset Enable signal allows information 
on the Jam inputs to preset the counter to any 
state asynchronously with the Clock. A high on the 
Reset line resets all stages to the ‘’zero” state, The 
counter is advanced one count at the positive 
transition of the Clock when the Carry-in and 
Preset Enable signals are low. Advancement is 
inhibited when the Carry-in or Preset Enable 
signals are high. The Carry-out signal is normally 
high and goes low when the counter reaches its 
maximum count in the Up mode or the minimum 
count in the Down mode, provided the Carry-in 
signal is low. The Carry-in signal in the low state 
can thus be considered a “Clock Enable.’’ The 
Carry-in terminal must be connected to Vgg when 
not in use. 

The counter counts Up when the Up/Down 
input is high, and Down when the Up/Down input 
is low. Multiple packages can be connected in 
either a parallel-clocking or a ripple-clocking ar- 
rangement. Parallel clocking provides synchronous 
control and hence faster response from all counting 
outputs, Rippleclocking allows for longer clock 
input rise and fall times. 

This counter finds primary use in up/down and 
differential counting and frequency synthesizer 
applications. It is also useful in A/D and D/A 
conversion and for magnitude and sign generation. 


TRUTH TABLE 


PRESET 
CARRY IN| UP/DOWN | ENABLE RESET| ACTION 


ES RE 
NE 
[oo [ 0 | 0 | _0 [Count Bown] 


X = Don't Care 


SCL4516B 


CMOS BINARY UP/DOWN COUNTER 


227 


CONNECTION DIAGRAM 


(all packages) 


Vop CL Q3 P3 P2 Q2U/D R 


PE Q4 P4 P1 Ci Ql 


exe) Vss 


Add suffix for package: 


16-pin Cerdip 


16-pin Ceramic 


16-pin Epoxy 
16-pin Flat 
Chip 


RECOMMENDED OPERATING CONDITIONS 
For maximum reliability: 


DC Supply Voltage Vpp-Vss 


Operating Temperature TA 
C, D, F, H Device 


E Device 


BLOCK DIAGRAM 


3 to 15 


-55 to +125 
-40 to +85 


Vdc 


oC 
oC 


SCL4516B 


LOGIC DIAGRAM 


fe at z 
SS 


TIMING DIAGRAM 


Clock 

om 
. CCE [te 
SRRRRRREREROD SEER EE 
” PEDRUUNEEEEUEREUSREEED 
ean ome eas SG 
- et 


ee tametgtie 


CHET PCH 
PLEO 


“Et eo se 
Carry Out 


Count 6 6 7 8 9 1100 47 #12 13 14 18 9 8 7 6 8 4 3 2 
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SCL4516B 


ELECTRICAL CHARACTERISTICS 
STATIC CHARACTERISTICS ' 


oo 
PARAMETER CONDITIONS 
| _anaweren | M8 ab raw [a 


QUIESCENT DEVICE CURRENT Fi BABE 606 ABE 150 | pAdc 


NOTEs: ' _ Remaining Static Electrical Characteristics are listed under “4000B Series Family Specifications”. 
2 TLow = -55" C for C, D, F, H device. 
= -40° C fore device. 
THIGH = +125°C for C, D, F, H device. 
=+ 85°C for E device. 


DYNAMIC CHARACTERISTICS (C, = 50pF, Ta = 25°C) 


PARAMETER (Vde) | Min. Typ. 


CLOCKED OPERATION 
PROPAGATION DELAY TIME tec: tPHL Hilts 
triH, tTHL 
50 100 
40 80 


[eC °C | TrcH? _| 


Vin = Ves or Voo 
All valid input 
combinations 


Clock to Q 


Clock to Carry Out 


Carry In to Carry Out 


OUTPUT TRANSITION TIME 


MINIMUM CLOCK PULSE WIDTH 


MAXIMUM CLOCK FREQUENCY 


MAXIMUM CLOCK RISE AND FALL TIME! 


MINIMUM SETUP TIME 
Carry In 


—_> = AS 
S88 


Up/Down 


PRESET OR RESET OPERATION 


PROPAGATION DELAY TIME 
Preset Enable or Reset to Q 


=" 
aos 
aos 
ooo 


Preset Enable or Reset to Carry Out 


MINIMUM PRESET ENABLE OR RESET 
PULSE WIDTH 


i 100 
50 
40 


1 When units are cascaded, the maximum rise and fall times of the clock input should be equal to or 
less than the transition times of the data outputs driving data inputs, plus the propagation delay of 
the output driving stage for the output capacitive load. 


PRESET ENABLE OR RESET REMOVAL TIME 
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SCL4516B 


Vos, DRAIN VOLTAGE (Vdc) 
“14-242 


Nm 
S 


g 
E 
= 
cc 
S25 
r_4 
7 
= 
2 


—_ 
ao wn 


a 
= 
2 
=z 
ix] 
= 
P] 
E ] 
foal 
=z 
= 
P 


Vos, DRAIN VOLTAGE (Vdc) 


Typical P-Channel Typical N-Channel 
Source Current Characteristics Sink Current Characteristics 


APPLICATIONS INFORMATION 
CASCADING COUNTERS 


PARALLEL CLOCKING 


t cop e 
R Ci. 0102 eo R Crt Qa? a304 


UD PE 61 P? PZ PA 


a; 45168 ‘5 


3. 
a4 


R Ct. Q1a2q3 


The Up/Down control can be changed at any count The only restriction on changing 
the Up/Down control ss that the clock input to the first counting stage must be “high” 


*Voo 
Resstore = 1082 


Thumbdwheel Switches 
(Open for “0°') 


¢ e 
Out A 


Programmable Cascaded Frequency Divider 


230 


LE 


SOLID <> 
STATE SB 
SCIENTIFIC 


SCL4517B 


CMOS 64-BIT DUAL SHIFT REGISTER 


FEATURES 


© Independent Clock, Write Enable Inputs 

e Static Operation 

° Positive Edge-Clocked Design 

¢ 6.7MHz Toggle Rate @ 10 VDC 

¢ Tri-State Output at 64th Bit 

¢ Balanced Output Drive Current Specifications 


CONNECTION DIAGRAM 


Vpp Q16g 048g WEg Ce 064g 0328 Dg 


DESCRIPTION 


The SCL4517B dual 64-bit static shift register consists 
of two identical, independent, 64-bit registers. Each register 
has separate clock and write enable inputs, as well as 
outputs at bits 16, 32, 48, and 64. Data at the data 
input is entered by clocking, regardless of the state of 
the write enable input. An output is disabled (open 
circuited) when the write enable input is high. During 
this time, data appearing at the data input as well as 
the 16-bit, 32-bit, and 48-bit taps may be entered into 
the device by application of a clock pulse. This feature 
permits the register to be loaded with 64 bits in 16 
clock periods, and also permits bus logic to be used. 
This device is useful in time delay circuits, temporary 
memory storage circuits, and other serial shift register 


Q16, O48, WEa Ca 0644 O324 Da Vss 


applications. 
FUNCTIONAL TRUTH TABLE 
WRITE 
CLOCK ENABLE DATA 16-BIT TAP 32-BIT TAP 48-BIT TAP 64-BiT TAP 
Content of 16-Bit Content of 32-Bit Content of 48-Bit Content of 64-Bit 
0 0 Xx Displayed Displayed Displayed Displayed 
0 1 Xx High Impedance High Impedance High Impedance High Impedance 
1 0 X Content of 16-Bit Content of 32-Bit Content of 48-Bit Content of 64-Bit 
Displayed Displayed Displayed Displayed 
1 1 Xx High Impedance High Impedance High Impedance High Impedance 
_—~ ©. Dataentered Content of 16-Bit Content of 33-Bit Content of 49-Bit Content of 64-Bit 
into 1st Bit Displayed Displayed Displayed Displayed 
_” 1 ODataentered Data at tap entered Data at tap entered Data at tap entered High Impedance 
Into 1st Bit into 17-Bit into 32-Bit into 48-Bit 
“0 Xx Content of 16-Bit Content of 32-Bit Content of 48-Bit Content of 64-Bit 
Displayed Displayed Displayed Displayed 
1 X High Impedance High Impedance High Impedance High Impedance 


X = Don’t Care 
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SCL4517 


ELECTRICAL CHARACTERISTICS 


RECOMMENDED OPERATING CONDITIONS 


For maximum reliability: 
DC Supply Voltage Vpp +15to—-0.5 Vac 
Input Voltage, all inputs Vin Vopto-0.5 Vdc 
DC Current Drain per Pin 1 10 mAdc 
Operating Temperature Range T, 

C, D, F, H Device —55to +125 °C 

E Device -40to+85 °C 


Storage Temperature Range Tstg —65to +150 °C 


STATIC CHARACTERISTICS ' 


QUIESCENT DEVICE 


CURRENT Vin= Vss or Vop 
All valid input 
combinations 


NOTES: ! Remaining Static Electrical Characteristics are listed under "40008 Series Family Specifications” . 
2TLow = — 55°C for C, D, F, H device. 
= — 40°C for E device. 


THIGH = + 125°C for C, D, F, H device. 
= + 85°C for E device. 


SWITCHING CHARACTERISTICS* (T, = 25°C) 


CHARACTERISTIC 


Output Transition Time 
(Cy = 15pF) tTLH 
tTHL 


tPLH 
tPHL 


i 
~ 


Propagation Delay Time (C; = 15 pF) 


Minimum Clock Pulse Width 
Maximum Clock Pulse Frequency 


Maximum Clock Pulse Rise and Fall Time 


= 
oO 


200 400 
110 220 
90 180 
170 250 
75 100 
60 75 


Data to Clock Setup Time 


setup 


Data to Clock Hold Time thoid 


Write Enable to Clock Setup Time 


Write Enable to Clock Release Time 160 280 


55 120 
40 70 


"Ns 
ooo 


*The formula given is for the typical characteristics only. 
**When shift register sections are cascaded, the maximum rise and fall time of the clock input should be equal to or less than the rise 
and fall time of the data outputs, driving data inputs, plus the propagation of the output driving stage for the output capacitance load. 
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SCL4517 


AC TEST WAVEFORMS 


a PCW 


Pin No's 
Clock 4 (12) 


Weite 3 (13) 


tsetupl 
Oceta in 7 (9) 


tseto! — 
Voo 


'noldt 
. t tp = bap 
= =| svetupd AL ' tp 


16-Dit Output, (18) 
17-bit input 
20 nso 
Setup! 
Voo 
32-bit outout 6 (10) 
33-bit input ’ 
‘ ln 20 ns onl 
setup i 


48-bit output 2 (14) 
49-dDit input ! ' 
—o «e200 13-4 


64 bit output §(11) 


FIGURE 1 — POWER DISSIPATION TEST CIRCUIT ANO WAVEFORM 


REPETITIVE WAVEFORM 


(f= 1/2 fo) 
WE 


Q16 Q32 048 A646 


i 


EXPANOED BLOCK DIAGRAM 
(1/2 OF DEVICE SHOWN) 


64-bit output 


Write Enabte = 0, 16-bit ourput 32-bit output 48-vitcutpur gh !mpedence 
Write Enedie = 1, 17-bit input 33-bit input 49-vit input 
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oe NB SCL4518B 
SCL4520B 
SCIENTIFIC 
FEATURES 
@ Two Independent 4-Bit Counters CONNECTION DIAGRAM 
@ Internally Synchronous for High Speed (all packages) 
@ Dual BCD (4518B) and Dual Binary 
(4520B) Configurations Vop Re O38 Q28 O18 2g ENg CLKg 
@ Direct Reset 
@ Logic Edge-Clocked Design 15 14 13 11 
© Trigger from either Edge of Clock Signal 
@ Static Operation— DC to 5MHz @ 10Vdc oes 4 5 ae 7 
DESCRIPTION 
CLK,EN Q1a Qo, QA R Vv 
The 4518B Dual BCD Counter and the ABA 0A M14 920938 Ra Vss 
45208 Dual Binary Counter are constructed 


with MOS P-channel and N-channel enhancement- 
mode devices in a single monolithic structure. Each 
consists of two identical, independent, internally 
synchronous 4-stage counters. The counter stages 
are type-D flip-flops, with interchangeable Clock 
and Enable lines for incrementing on either the 
positive-going or negative-going transition as re- 
quired when cascading multiple stages. Each 
counter can be cleared by applying a high level on 
the Reset line. In addition, the 45188 will 
count out of all undefined states within two clock 
periods. These complementary MOS up counters 
find primary use in multi-stage synchronous or 
ripple counting applications requiring low power 
dissipation and/or high noise immunity. 


TRUTH TABLE 


CLOCK | ENABLE | RESET 


Pea | tT __Increment Counter _| 
po | NN 0 tncrement Counter _| 
px 0 NoChange 
| xX | —_— dT NoChange — Cd 
Pa | OT No Change 
Pot fT 0 NoChange 
| xX | xX | 1 { Q0thrua3=0 

X = Don’t Care 

TIMING DIAGRAM 


n nf nh ru Ul ut 92/13/14 115) 16/17/18 


penne 
tt 
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Add suffix for package: 


16-pin Cerdip 
16-pin Ceramic 
16-pin Epoxy 
16-pin Flat 
Chip 


RECOMMENDED OPERATING CONDITIONS 
For maximum reliability: 
DC Supply Voltage Vpp-Vss 


Operating Temperature Ta 
C, D, F, H Device 
E Device 


3to15 Vdc 


-§5 to +125 OC 
4010 +85 OC 


BLOCK DIAGRAM 


4518 — Dual BCD 
4520 — Dual Binary 


Up Counter 


SCL4518B, SCL4520B 


ELECTRICAL CHARACTERISTICS 
STATIC CHARACTERISTICS ' 


Voo +25°C 
PARAMETER CONDITIONS 
fs eaten lve ra a ena 


QUIESCENT DEVICE 
CURRENT 


Taian ~ +125°C for C, D, F, H device. 
= + 85°C for E device. 


DYNAMIC CHARACTERISTICS (C, = 50pF, Ta = 25°C) 
PARAMETER 


CLOCKED OPERATION 


PROPAGATION DELAY TIME  |truten!) | J. ie So de oe 
From Clock or Clock Enable 5 - 225 450 ns 
10 _ 100 200 
og delalataesiotesNiags Mateo dh oe eee es _ 15 = A 
OUTPUT TRANSITION TIME tro. rH | 
5 100 200 ns 
10 50 100 | 
Sa euthtentety acs bet PAGES he atti 15 40 80 | 
| MINIMUM CLOCK PULSE WIDTH PWer 
| 5 100 200 ns 
{ 10 50 100 
Me oe cheetah eel cee Sse OF eek eee bee 15 35 70 
MINIMUM CLOCK ENABLE PULSE WIDTH PWee 
5 200 400 ns 
10 100 200 
ise tah ea eae 15 70 140 
MAXIMUM CLOCK FREQUENCY fer sa 
6.0 
— a 8.0 
MAXIMUM CLOCK OR CLOCK ENABLE RISE 
& FALL TIME! trov. Yer 
RESET OPERATION 
PROPAGATION DELAY TIME tPpHL 
5 225 450 
10 100 200 
15 80 160 
MINIMUM RESET PULSE WIDTH 
5 120 240 
10 50 100 
15 40 80 
RESET REMOVAL TIME am 
100 200 
50 100 
40 80 


—— 


' When units are cascaded, the maximum rise and fall times of the clock input should be equal to or 
less than the transition times of the data outputs driving data inputs, plus the propagation delay of 
the output driving stage for the output capacitive loaa. 


Vos, DRAIN VOLTAGE (Vdc) 
-20 -18 -16 -14 -12 -10 -8 -6 -4 


as 
a et 
7 T_L_| Nos = 10 We FT 
= i 


3 
E 
= 
i 
ee 
Fr] 
z 
= 
r—) 
2 


é 
C3 

2 
= 
ix] 
= 
x 
= 
mm 
= 
= 


6 68 10 12 14 16 18 20 
Vos, DRAIN VOLTAGE (Vdc) 


Typical P-Channel Typical N-Channel 
Source Current Characteristics Sink Current Characteristics 
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SCL4518B, SCL4520B 


LOGIC DIAGRAMS 


DUAL BINARY UP COUNTER 
4520B - TWO IDENTICAL STAGES 
OUAL 8CO UP COUNTER 
45188 TWO IDENTICAL STAGES 


APPLICATIONS INFORMATION 


* 40128 


Synchronous cascading of four binary counters with negative-edge triggering. 
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SOLID @ 
STATE Sg 
SCIENTIFIC 


SCL4522B 
SCL4526B 


CMOS PROGRAMMABLE DOWN COUNTERS 


FEATURES 


Internally Synchronous for High Speed 
BCD Decade (4522B) or 4-Bit Binary 
(4526B) Down Counters 

Asychronous Preset Enable 

Asynchronous Reset 

Cascadable 

Logic Edge-Clocked Design 

Static Operation — DC to SMHz @ 10Vdc 
Trigger from Either Edge of Clock Input 


@eeeeee CF 


DESCRIPTION 


The 4522B BCD Counter andthe 
4526B Binary Counter are constructed with 
MOS P-channel and N-channel enhancement-mode 
devices in a single monolithic structure. 

These devices are programmable, cascadable 
down counters with a decoded ‘0’ state output 
for divide-by-N applications. In single stage applica- 
tions the ‘‘0’’ output is applied to the Preset 
Enable input. The Cascade Feedback input allows 
cascade divide-by-N operation with no additional 
gates required. The Master Reset function provides 
synchronous initiation of divide-by-N cycles. The 
Clock Inhibit input allows disabling of the pulse 
counting function. 

These complementary MOS counters can be 
used in frequency synthesizers, phase-locked loops, 
and other frequency division applications requiring 
low power dissipation and/or high noise immunity. 


TRUTH TABLES 


Reset 
(4) 0 


CONNECTION DIAGRAM 
(all packages) 


Vpp Q3 Op3 CF “0” Dp2 MR Qg 


15 14 
4522B 


Qqg Opq PE inh Dp; C Q, Vss 


Add suffix for package: 


16-pin Cerdip 
16-pin Ceramic 
16-pin Epoxy 
16-pin Flat 
Chip 


RECOMMENDED OPERATING CONDITIONS 
For maximum reliability: 
DC Supply Voltage Vpp-Vss 3to1S Vdc 


Operating Temperature Ta 
C, D, F, H Device 55 to +125 OC 
E Device 40to +85 °C 


BLOCK DIAGRAM 


Vpo = Pin 16 
Vss = Pin : 


SCL4522B, SCL4526B 


ELECTRICAL CHARACTERISTICS 
STATIC CHARACTERISTICS ' 


V 
PARAMETER CONDITIONS 
OE in ie: a 


IESCENT DEVICE 
QUIESCENT D 0.05 150 |wAdc 
300 
600 


CURRENT 
NOTES: ! , Remaining Static Electrical Characteristics are listed under “4000B Series Family Specifications”. 
? TLow = -55°C for C, D, F, H device. 
= -40°C for E device. 
Tig = +125°C for C, D, F, H device. 
=+ 85°C forE device. 


Vin= Vss OF Vop 
All valid input 
combinations 


DYNAMIC CHARACTERISTICS (C, = 50pF, T, = 25°C) 


Voo 
PARAMETER vee) | min | tye | Mex | Unies 


CLOCKED OPERATION 
tecH. tPHL 
415 
160 
120 


PROPAGATION DELAY TIME 
Clock or Inhibit to O 


Clock or Inhibit to “O”’ 


OUTPUT TRANSITION TIME 


MINIMUM CLOCK PULSE WIDTH 


MAXIMUM CLOCK FREQUENCY 


MAXIMUM CLOCK OR INHIBIT RISE AND 
FALL TIME! 


PRESET OPERATION 


PROPAGATION DELAY TIME 
PE toQ 


PE to ’’O" 


MINIMUM PRESET ENABLE PULSE WIDTH 


MINIMUM DATA INPUT HOLD TIME 


RESET OPERATION 


PROPAGATION DELAY TIME 
MR to Q 


MR to “O” 


MINIMUM MASTER RESET PULSE WIDTH 


' When units are cascaded, the maximum rise and fall times of the clock input should be equal to or 
less than the transition times of the data outputs driving data inputs, plus the propagation delay of 
the output driving stage for the output capacitive load. 
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SCL4522B, SCL4526B 


Vos, DRAIN VOLTAGE (Vdc) 
-20 -18 -16 -14 -12 -10 -8 -6 - 


-_ 
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Vis, DRAIN VOLTAGE (Vdc) 


Typical P-Channel Typical N-Channel 
Source Current Characteristics Sink Current Characteristics 


4522B LOGIC DIAGRAM (BCD Divide-by-N Counter) 


crc 


PEC 


tahibit co 
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SCL4522B, SCL4526B 


APPLICATIONS INFORMATION 


Cycte inhibit 
mn) 


*Voo 


Counting Cycle 


9 (15) 
8114) 


MR 4522/26B8 


no 


1(¢1) 1 
O (0) —_»0——- Stop at ‘‘0'’ 
L SO. MSO 
Counter Counter 
*Voo 
Master 


Reset Thumbwheel Switches 
(Open = ‘‘0"') 


2-Stage Programmable Down Counter (One Cycle) 


Counting Cycle 


9 (15) 
L.S.D. M.S.D. 8 (14) 
4522/26B- 0" 4522/26B 


no 


2 {2) 
¥ (1) 
0 (0) 
L.S.0 
Counter 
Master 


Thumbwheel Switches 
(Open = °'0"') 


2-Stage Programmable Frequency Divider 
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SOLID NG 


STATE SCL4527B 
SCIENTIFIC 
CMOS BCD RATE MULTIPLIER 
FEATURES 
@ Internally Synchronous for High Speed CONNECTION DIAGRAM 
@ Strobe for Enabling or Inhibiting Outputs (all packages) 
@ Enable and Cascade Inputs 
@ 9’ Output Available for Cascading Multiplier 
® Complementary Outputs Vpp BA ClearCase Ejyp ST Clock 
@ Clear and Set-To-Nine Inputs 
DESCRIPTION 


The 4527B is a BCD Digital Rate Multiplier 
(DRM) which provides an output pulse rate of the 
clock input pulse rate multiplied by 1/10 of the 
BCD input. For example, when the BCD input is 8, Multiplier 
there will be 8 output pulses for every 10 input 
pulses. The output is clocked on the negative-going ‘fi ass g 
edge of the input clock. This device may be used to — pias nk 
perform arithmetic operations, solve algebraic and 16-pin Cerdip 
differential equations, generate logarithms and 16-pin Ceramic 
trigonometric functions, A/D and D/A conversion, 16-pin Epoxy 


and frequency division. 16-pin Flat 
Chip 


Cc D Set Out Out Eout Vss 
ea ae 


RECOMMENDED OPERATING CONDITIONS 

For maximum reliability: 
DC Supply Voltage Vpp-Vss 3to15 Vde 
Operating Temperature Ta 


C, D, F, H Device -65 to +125 OC 
E Device 40t0 +86 °C 
TRUTH TABLE BLOCK DIAGRAM 


fe 
c 


See 
Ci Ce ee ee eee ae 


i 
ry 
i 
g 


% 
4 


Voo”" Pin 16 
Vss* Pin 8 


© Output same as the first 16 lines of this truth table (depending on values of A, 8, C, D). 
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SCL4527B 


LOGIC DIAGRAM TIMING DIAGRAM 


01234586789012]34 


tock 
Enabie in B A Strobe Cascace pedal 


109 12 
p—d_} : 
ca 


a 
aay) = 
O 


Output (Pin 6) fl fl 
A Enabled 
6 Enadieao nl fl 1 


Cc Enabied fl fl fl fl hl fl 
‘ 
Eour Lf 
t 
Output (Pen 6} hl ' nl 
(Preset No of 1) 
1 
(Preset No of 2) fl fl t fl 


(Preset No of 3) 


Le 
SULA. 


(Preset No of 5) 


‘ 
(Preset No of 6} nu AM AN 

4 
(Preset No of 7) wy Ann nan 

J 
(Preset No of 8) nu AW uN 


erm no of) SUI 


07 Enadie Out 
Clear 013 Set to Nine 04 


APPLICATIONS INFORMATION 
Cascading Connections 


For words of more than one digit, 4527B devices may be cascaded in two different 
modes: an Add mode and a Multiply mode. 


In the Add mode, some of the gaps left by the 
more significant unit at the count of 9 are filled in 
by the less significant units. Output Rate = Clock 
Rate X (0.1 BCD, + 0.01 BCD2 +...) 


0o1234583678090:2349367890 
CLOCK 


our 
a) 


ONE OF FOUR OUTPUT PULSES CONTRIBUTED BY f 
orm (2) TO OUTPUT FOR EVERY 100 CLOCK PULSES 
[t FOR PRESET No. 94 


Two 45278’s cascaded in the “Add” mode 
with a preset number of 94. 


In the Multiply mode, the fraction programmed 
into the first DRM is multiplied by the fraction 
programmed into the second one. 


BCD 
10 


BCD> 


X “10 


Output Rate = Clock Rate X >, rr 


Two 4527B’s cascaded in the “Multiply” mode 
with a preset number of 36. 
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SCL4527B 


ELECTRICAL CHARACTERISTICS 
STATIC CHARACTERISTICS' 


V  Ttiow? | 25°C | Tuc” 
PARAMETER ach CONDITIONS 
| _ranaweren | 28 Pe eee alae ee 


QUIESCENT DEVICE 
CURRENT 


NOTES: ' Remaining Static Electrical Characteristics are listed under "4000B Series Family Specifications”. 
TLow = -55°C for C, D, F, H device. 
= -40° C for E device. 
THIGH = +125°C for C, D, F, H device. 
= + 85°C for E device. 


Vin=Vss Or Voo 
All valid input 
combinations 


DYNAMIC CHARACTERISTICS (C, = 50pF, Ta = 25°C) 


[PARAMETER (Vde) Soin. | Ty 


CLOCKED OPE aE... 


PROPAGATION DELAY TIME teur teHe 
Clock to Out 
— ce 


Clock to Eouy 


Clock to ‘’9” 
Cascade to Out 


Strobe to Out 


OUTPUT TRANSITION TIME 
MINIMUM CLOCK PULSE WIDTH 
MAXIMUM CLOCK FREQUENCY -_ 
MAXIMUM CLOCK RISE AND FALL TIME! 
MINIMUM ENABLE IN SETUP TIME 


SET OR CLEAR OPERATION 


PROPAGATION DELAY TIME 


MINIMUM SET OR CLEAR PULSE WIDTH PWs, PWe 


SET OR CLEAR REMOVAL TIME ae 


1 When units are cascaded, the maximum rise and fall times of the clock input should be equal to or 
less than the transition times of the data outputs driving data inputs, plus the propagation delay of 
the output driving stage for the output capacitive load. 


— — A) 
QOuwnn 
Ooo 
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SCL4527B 
APPLICATIONS INFORMATION 
Multiplication of Two Variables 
Ry = fork (A) 
R2 = fcLk ( (Fs) = fCLK (28) 
R3 = fork (4) 


R2 addresses “up” count, R3 ad- 
dresses “down” count. The _ interface 
circuit converts to a single clock with 
mode control. When loop stabilizes, 


R2= Rg 
AB N 
FOLK (799) = foLk (79) 


Note: To prevent simultaneous “up” and 
“down” commands, a multiphase clock 
input must be used. 
Generation of A2/3 

: A2, 4). AZ 
Rt = FOLK (799) (99) = FOLK (7999) 


N3 
R2=fcik (TO00! 


At equilibrium, 


Ry =R2 
N3 = A2 
or N = A2/3 


Note: To prevent simultaneous ‘up’ 
and ‘down’ commands, a multiphase 
clock input must be used. 


Frequency Ratios 


Ry = f,/10" 

R2 = f2N/10" where n = number of stages 
At equilibrium, 

Ry = Ra 

N =f4/f2 


Note: To prevent simultaneous com- 
mands (overlap), f4 and fo may require 
preconditioning. 


SOLID Ng SCL4528B 
SCIENTIFIC 


CMOS DUAL MONOSTABLE MULTIVIBRATOR 


FEATURES 


Two Independent Multivibrators on One Chip CONNECTION DIAGRAM 
Triggerable from Leading- or Trailing-Edge (all packages) 

Pulse 
Retriggerable Vpop 271 2T2 2Cp2A 28 20 
Resettable 

Q and O Buffered Outputs Available 
Wide Range of Output Pulse Widths 


eeee CF 


DESCRIPTION 
1T, 1T2 1Cp 1A 18 10 

The 45288 Dual Multivibrator provides 

stable retriggerable/resettable one-shot operation 
for any fixed-voltage timing application. Timing 
for the circuit is controlled by an external resistor- 
capacitor combination (R,-C,). Adjustment of 
these components SeLihiGs GERerBTIOR of output RECOMMENDED OPERATING CONDITIONS 


pulse widths from nanoseconds to minutes. For maximum reliability: 

Leading-edge and trailing-edge Trigger inputs are DC Supply Voltage V -V 31015 Vde 
provided, and both positive-going and negative- Bian : DD ~ “SS 
going pulses are available from complementary 


Operating Temperature Ta 


outputs. C, D, F, H Device -55 to +125 OC 
Timing pulses may be terminated at any time E Device 40t0 +85 °C 

by applying a low logic level to the Reset input 

Cp. 


FUNCTION TABLE 


BLOCK DIAGRAM 
(one of two devices) 


H = High Level (Steady State) 
L = Low Level (Steady State) 

t = Transition, Low-to-High 

| = Transition, High-to-Low 

X = Irrelevant (Inc. Transitions) 
JS 1= One High-Level Pulse 

‘LJ= One Low-Level Pulse 


Rx and Cy are external components. 
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SCL4528B 
4528B PULSE WIDTH VS. Rx, Cx, Vpp 


Af} Tl | LA 
ptt es 


i 
Al 
ie AN 


HENUIENG! 


URN 


a NLT 
SORT 


SNA 


WE NN A! 


NEI 
ANE 


Q 
So 
© 
ww 


a 
aan 
= 
aoe 
ax 
CS 
a 
ay 4 


\ | 

N 
THN 

'N 


EXTERNAL Rx 
SCINTIS 
CARICINT 
ptt NAW UP TONS 


tf tf “ 
VE 927 45 
ffi VU 
LANA, 


. 8 


N 
LleaIN 


aa SS Ee N 


g, 


SST REE HH 
ANSE 
oe ENG 


WRENN 


Ea 


PULSE WIDTH (Seconds} 


4 


2 


BN 


ASS 


10° 10 


LOGIC DIAGRAM 


3 sSone's sree of = on 
- FOR ALL VALUES OF Vop 3V TO 18V +-- 


NORMALIZED PULSE WIDTH 


Ta. AMBIENT TEMPERATURE (°C) 


*STANDARD INPUT PROTECTION AT THESE POINTS 


Normalized Pulse Width versus Temperature 


Notes: 

There is no effective maximum limit on R,; 
recommended minimum value for Ry, is 1KQ2. 
There are no restrictions on the value of Cy. 

For proper operation all unused inputs should 
be tied to a logic level. The mode point (T2) of a 
unused half of device should be tied high through 
an external resistor to Vpp. 
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SCL4528B 
ELECTRICAL CHARACTERISTICS 


STATIC CHARACTERISTICS ' 


PARAMETER CONDITIONS 
| _paraweren [48 [ Min. | Max. | Min. | Typ. | Max. | Min. | Max. | 


QUIESCENT DEVICE 
150 |pAdc 
0.1 300 
0.2 600 


CURRENT 
NOTES: ' Remaining Static Electrical Characteristics are listed under "4000B Series Family Specifications”. 
2 TLow = -55-C for C, D, F, H device. 
= -40°C for E device. 
Trin = +125°C for C, D, F, H device. 
=+ 85°C for E device. 


Vin= Ves Or Von 
All valid input 
combinations 


DYNAMIC CHARACTERISTICS (C, = 50pF, Ta = 25°C) 


PARAMETER 
PROPAGATION DELAY TIME 


From Aor B 


OUTPUT TRANSITION TIME 


Note: G Output 


MINIMUM INPUT PULSE WIDTH 
Aor B Input 


OUTPUT PULSE WIDTH MATCH 
Same package 


Different packages 


Vos, DRAIN VOLTAGE (Vdc) 
-20 -18 -16 -14 -12 -10 8 -6 -4 


lor, DRAIN CURRENT (mAdc) 


5 
3 

2 
= 
o 
e 
| 
a 
@m 
z 
= 
[anal 
3 
5 


10 12 14 
Vos, DRAIN VOLTAGE (Vdc) 


16 18 20 


Typical P-Channel Typical N-Channel 
Source Current Characteristics . Sink Current Characteristics 
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SCL4528B 
AC TEST WAVEFORMS 


Voo 


we ee ee ee ee eS 


4 


Hy ‘ 
oe oe tee 
50% 


y, Ya 


Astable Multivibrator with Adjustable Period and Duty Cycle 
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SOLID <> 
STATE Sg 
SCIENTIFIC 


SCL4531B 


FEATURES 


@ Variable Word Length 
@ Buffered Output 
@ Parity Selection Input 


DESCRIPTION 


The 4531B 12-Bit Parity Tree is con- 
structed with MOS P-channel and N-channel 
enhancement-mode devices in a single monolithic 
structure. The circuit consists of 12 Data-bit inputs 
(D0 thru D11), an even or odd Parity Selection 
input (W), and an output (Q). The Parity Selection 
input can be considered as an additional bit. Words 
of less than 13 bits can generate an even or odd 
Parity output if the remaining inputs are selected 
to contain an even number of 1’s. Words of greater 
than 12 bits can be accommodated by cascading 
other 4531B devices by using the W_ input. 
Applications include checking or including a redun- 
dant (parity) bit to a word for error detection/ 
correction systems, controller for remote digital 
sensors or switches (digital event detection/ 
correction), or as a multiple-input summer without 
carries. 


TRUTH TABLE 


OECIMAL 
(OCTAL) 
EQUIVALENT 


8184 (177703 


B1BS (17771; 
8186117772) 
8187 (17773) 


8188 (17774) 
8189 117775) 
8190 117776) 
8199 (97777) 


*O* Even Parity Note May redefine to sust application by 
1 + Odd Parity mempulsting W end/o- other svelebie D's 


Odd/Even W 


CMOS 12-BiT PARITY TREE 


CONNECTION DIAGRAM 
(all packages). 


Vpp 07 D8 D9 D10 


D6 DS D4 D3 D2 


011 W 


Di DO Vss 


Add suffix for package: 
16-pi-- Cerdip 
16-pin Ceramic 
16-pin Epoxy 
16-pin Flat 


Chip 


RECOMMENDED OPERATING CONDITIONS 


For maximum reliability: 


DC Supply Voltage Vpp - Vss 3to 15 Vdc 


Operating Temperature Tap 
C, D, F, H Device 
E Device 


LOGIC DIAGRAM 


Qa=00@01@02@....@0110Ow 
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-§5 to +125 OC 
40 to +85 °C 


Vop 2 Pin 16 
Vss = Pins 


SCL4531B 


ELECTRICAL CHARACTERISTICS 


STATIC CHARACTERISTICS 


Vv 
PARAMETER D0 CONDITIONS 
| PARAMETER (Vde) an es Oana peel wom a 


QUIESCENT DEVICE 
CURRENT 


Vin = Ves or Voo 
All valid input 
combinations 


NOTES: ! , Remaining Static Electrical Characteristics are listed under “4000B Series Family Specifications”. 
2 TLow = -55°C for C, D, F, H device. 
= -40° Cc for E device. 
THIGH = = +125" C for C, D, F, H device. 
=+ 85°C for E device. 


DYNAMIC CHARACTERISTICS (C, = S5OpF, T, = sa 


we | min | Tye. | Max 
tec. tpHe 456 46 
175 350 

120 240 
teLH. teHLE 566 ae 
> 200 
140 

mate fe 39 Ea 


PARAMETER 


PROPAGATION DELAY TIME 
From D Inputs 


From W Input 


OUTPUT TRANSITION TIME 


Vos, DRAIN VOLTAGE (Vdc) 
-20 -18 -16 -14 -12 -10 -8 -6 


lo. DRAIN CURRENT (mAdc) 
oR 


—_ 
nao wm 


= 
3 
2 
= 
ix] 
e 
| 
F | 
rr 
=z 
= 
uel 
3 
Es 


8 10 12 14 16 18 20 
Vns. DRAIN VOLTAGE (Vdc) 


Typical P-Channel Typical N-Channel 
Source Current Characteristics Sink Current Characteristics 
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SOLID Sg 


STATE SCL4532B 
SCIENTIFIC 
CMOS 8-BIT PRIORITY ENCODER 
FEATURES 
° Converts from 1 of 8 binary CONNECTION DIAGRAM 
° Provides cascading features to handle any number of Yop Eo Gs 03 02 DI 00 G0 
soo coined tiismecs Sad ce ate erates asa 16 15141312 1110 9 
© Standardized, symmetrical output characteristics 
¢ Noise margin (full package-temperature range): 4532B 


1V at Vpp = 5V 
2V at Vpn = 10V 
2.5V at Vpp = 15V 
° SV, 10V, and 15V parametric ratings 


102345678 


04 050607 £,Q2 QI Vss 


RECOMMENDED OPERATING CONDITIONS 


APPLICATIONS sae , ; - 
For maximum reliability, nominal operating conditions should 

° Priority encoder be selected so that operation is always within the following 
¢ Binary or BCD encoder (keyboard encoding) ranges. 
a Naa al a [Characteristic | Min. | Max. | Units 

Supply Voltage 
DESCRIPTION mange er TAS 

Full Package 

The 45328 consists of combinational logic that encodes Temp. Range) 


the highest priority input (D7-DO) to a 3-bit binary code. 
The eight inputs, D7 through DO, each have an assigned 
priority; D7 is the highest priority and DO is the lowest. 
The priority encoder is inhibited when the chip-enable input 
E; is low. Then E; is high, the binary representation of 
the highest-priority input appears on output lines Q2-Q0, 
and the group select line GS is high to indicate that 
priority inputs are present. The enable-out (Eg) is high when 
no priority inputs are present. If any one input is high, 
Eo is low and all cascaded lower-order stages are disabled. 


TRUTH TABLE 


oo Oo 
ooo o]0o & 8 


X 
x 
Xx 
Xx 
Xx 
Xx 
1 


oO 

oo Oo © 
ooo0o 38 
oo oOo Oo 
oo oOo 8 


X = Don’t Care Logic 1 = High Logic 0= Low 
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SCL4532B 


Quiescent device current test circuit. 


Voo 92CL-26361R) 


*ALL INPUTS PROTECTED BY 
COS/MOS PROTECTION NETWORK 


Vss 
4532 logic diagram. 
Yoo 
INPUTS OuTPUTS 
Vin 
a ° € 2 
°o - 
Vin — 
NOTE. 
TEST ANY ONE INPUT, 
Vss WITH OTHER INPUTS AT 
Voo OR Vss 
Yoo 
INPUTS Input voltage test circuit. 
Voo NOTE 
in One MEASURE INPUTS 
° SEQUENTIALLY, 
Vss TO BOTH Vpp AND Vg: 


CONNECT ALL UNUSED 
WPUTS TO EITHER 


Voo oR Vss : 
Yss 


Input current test circuit. 
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SCL4532B 


ELECTRICAL CHARACTERISTICS 
STATIC CHARACTERISTICS' 


PARAMETER 


QUIESCENT DEVICE 
CURRENT VIN = Veg or Vop 


All Valid input 
combinations 


NOTES: ' Remaining Static Electrical Characteristics are listed under ‘4000B Series Family Specifications” 
2 Tiow = —55°C for C, D, F, H device. 
= — 40°C for E device. 
THIGH = + 125°C for C, D, F, H device 
= + 85°C for E device. 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta, = 25°C; C, = 50 pF. 


TEST CONDITONS LIMITS 
Vop ALL TYPES UNITS 


CHARACTERISTIC 


PROPAGATION DELAY TIME tpy,, teLy 
E;toEg E,toGS 


E, to Qm, Dn to Gs 


TRANSITION TIME try, triy 


INPUT CAPACITANCE Cyp, 


es 
ee 
ee a 
ae a 
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SCL4532B 


AC TEST WAVEFORMS 


PCW 
“| NCW 
Pin No‘'s 


2 
Clock 4 (12) ees oe 
Write 3 (13) 


thoidO 
‘setup! ——, ‘setup0| 
Oata in 7 (9) 50% 


t PHL —__—— Vss 
"setup 1 setupO an i 'PLH 
Vv Lo eee eee, 
16-bit output, (15) Ly" OO s0nky VOH TT Do 
17-bit input r 
eeV GL Vss 
20 ns PHL te 1T7 
32-bit output 6 (10) , 90%% com 
33-bit input 10% 
20 areal ty = VOL Vss 
"setup 1 HEL aa = PLH f 
Vpo —_—_-—— 
48 -vit output 2 (14) ‘ : ; 
49-dit input 


20 ns jaa 


64-bit output §(17) 


FIGURE 1 — POWER DISSIPATION TEST CIRCUIT AND WAVEFORM 


REPETITIVE WAVEFORM 


(f = 1/2 fo) 


EXPANOED BLOCK DIAGRAM 
(1/2 OF DEVICE SHOWN) 


Cc 16 C 64 Q 


3-State 


3-State 


64-bit output 
Write Enable = 0, 16-bit output 32-bit output 48-bit output High !mpedance 
Write Enable = 1, 17-bit input 33-bit input 49-bit input 
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SOLID NB 


STATE SCL4543B 
SCIENTIFIC 
FEATURES 
@ Phase Input Signal Reproduced on Outputs for CONNECTION DIAGRAM 
Liquid Crystal Display (all packages) 
@ Latched Storage of Input Code 
@ Blanking Input for Display Intensity 
Modulation 
@ Readout Blanking for Illegal Input 15 14 13 12 
Combinations 45438 
¢@ Pin Compatible with CD4056A (with Pin 7 3 4 5 
Tied to Vss) 
B D A Ph BI Vsg 
DESCRIPTION 


Decoder/Driver is designed for use with liquid 
crystal readouts and is constructed with comple- 
mentary MOS (CMOS) enhancement-mode devices. 
The circuit provides the functions of a 4-bit storage 
latch and a 8421 BCD-to-seven segment decoder 
and driver. The device has the capability to invert 
the logic levels of the output combinations. The 
Phase (Ph), Blanking (BI), and Latch Disable (LD) 
inputs are used to reverse the truth-table phase, 


16-pin Cerdip 
16-pin Ceramic 
16-pin Epoxy 
16-pin Flat 
Chip 


RECOMMENDED OPERATING CONDITIONS 


blank the display, and store a BCD code, respec- For maximum roliability: 

tively. For liquid crystal readouts, a square wave is DC Supply Voltage Vv -V 31016 Vdc 
applied to the Ph input of the circuit and the ie! 8 DD ~ SS 

electrically common backplane of the display. The Operating Temperature Ta = 
outputs of the circuit are connected directly to the C, D, F, H Device “65 to +126 ae 
segments of the readout. For other types of E Device 40 to +85 °C 


readouts, such as light-emitting diode (LED), in- 
candescent, gas discharge, and fluorescent read- 
Outs, connection diagrams are given on this data 


sheet. —— : DVM, etc.) display driver, computer/calculator 
Applications include instrument (e.g., counter, display driver, cockpit display driver, and various 
TRUTH TABLE clock, watch, and timer uses. 


INPUTS OUTPUTS 


abvbede i ft g 


oooo 


—-— st =] we 
- O27 O12 O90 - O17 0 ~ OF" O - O 
oOo = 


BLOCK DIAGRAM 


lolo oo elo oo cleo ocloooe 


-=2 (09 000 
=~ = m1O OO Ole ~ = ~O0o0 Oo 
a2 © Ol=- =~ © Ol = Oo Cla - oO Oo 


pleeesfececiocodocce 


Vop 2 Pin 16 
Vss 2 Pins 


Baer baer 
Inverse of Output Onsplay 
Combinations as sbove 
Above 
X = Oon’t care 
t = Above Combinations 
* = For ltquid crystal reactouts, apply a square wave to Ph 

For common cathode LED readouts, setect Ph = O. 

For common anode LEO readouts, select Ph = 1. 
* = Depends upon the BCO code previously applied when LO = 1. 
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SCL4543B 


ELECTRICAL CHARACTERISTICS 


STATIC CHARACTERISTICS: 


VoD | CONDITIONS 
089)| conorrions | Tequ” | _sre fT 
150 |yuAdc 
300 
600 


PARAMETER 


QUIESCENT DEVICE 
CURRENT 


Vin =Vss or Vpp 
All valid input 
combinations 


: 5 
10 
20 


NOTES: ' Remaining Static Electrical Characteristics are listed under “4000B Series Family Specifications”. 
TLow = -55°C for C, D, F, H device. 
= -40°C for E device. 
THIGH = +125°C for C, D, F, H device. 
=+ 85°C for E device. 


DYNAMIC CHARACTERISTICS (C, = 50pF, T, = 25°C) 


PROPAGATION DELAY TIME 


OUTPUT TRANSITION TIME 


MINIMUM DATA INPUT SETUP TIME 


MINIMUM DATA INPUT HOLD TIME 


MINIMUM LD PULSE WIDTH 


Vos, DRAIN VOLTAGE (Vdc) 
-20 -18 -16 -14 -12 -10 -8 -6 


lop, DRAIN CURRENT (mAdc) 


: 
5 
5 


8 10 12 14 
Vos, DRAIN VOLTAGE (Vdc) 


16 18 20 


Typical P-Channel Typical N-Channel 
Source Current Characteristics Sink Current Characteristics 
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LOGIC DIAGRAM 


Vop = Pin 16 
Vss = Pins 


= 


are 
if 


APPLICATIONS INFORMATION 


si 


SCL4543B 


Uvivivis 


YY 


CONNECTIONS TO VARIOUS DISPLAY READOUTS 


LIQUID CRYSTAL (LC) READOUT 


One of Seven Segments 


Common 
Back plane 


Square Wave 
(Vss to Vop) 
LIGHT EMITTING DIODE (LEO) READOUT 


Common 
Cathode LED 


Common 
Anode LED 


4543B 


Output 
Ph 


Voo 


Note: Bipolar transistors may be added for gain (for Voo S10V or lout 2 10 mA). 


FLUORESCENT READOUT 


4543B 


Output 
Ph 


Filament 
Supply 


Vsg or appropriate 
= voltage below Vss. 
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INCANDESCENT READOUT 


Appropriate 
Voltage 


45438 
Output 


Ph 


GAS DISCHARGE READOUT 


Appropriate 
Voltage 


SOLID 
| SCL4555B 
stare SCL4556B 


SCIENTIFIC 


CMOS DUAL 2-T0-4 LINE DECODERS 


FEATURES 


@ Buffered Outputs 

@ Selected Output Active High (4555B) or 
Active Low (4556B) | 

® Expandable 


CONNECTION DIAGRAM 
(all packages) 


-_— . x * 
Vpop Es Asp 8s %p 2182928 238 


DESCRIPTION 


The 4555B and 4556B are constructed 
with complementary MOS (CMOS) enhancement- 
mode devices. Each decoder/demultiplexer has two 
Select inputs (A and B), an active-low Enable input 
(E), and four mutually-exclusive outputs (QO, Q1, 
Q2, Q3). The 4555B has the selected output 
go to the “high’’ state, and the 4556B has the 
selected output go to the “‘low’’ state. Expanded 


Ex Aa Ba Ma Qian a Ga Vss 
*Inverted for 4556B 


Add suffix for package: 


decoding such as binary-to-hexadecimal (1-of-16), C  16-pin Cerdip 
etc., can be achieved by using other 4555B or D 16-pin Ceramic 
4556B devices. E 16-pin Epoxy 
Applications include code conversion, address F 16-pin Flat 
decoding, memory selection control, and demulti- H Chip 


plexing (using the Enable input as a data input) in 
digital data transmission systems. 


RECOMMENDED OPERATING CONDITIONS 
For maximum reliability: 


TRUTH TABLE DC Supply Voltage Vpp-Vss 3to15 Vde 
Operating Temperature Ta 
Outputs Outputs 
4555B 4556B C, D, F, H Device 65 to+125 °C 
E Device 40to +85 °C 


Lx [x Pofofofofi{s |i ti 


X = Don’t Care 


BLOCK DIAGRAMS 


Voo = Pin 16 
Vss 2 Pin8 
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SCL4555B, SCL4556B 


ELECTRICAL CHARACTERISTICS 
STATIC CHARACTERISTICS ' 


Pies 
PARAMETER CONDITIONS aan 


QUIESCENT DEVICE 
CURRENT 
All valid inputs 
combinations 


NOTES: ' Remaining Static Electrical Characteristics are listed under “4000B Series Family Specifications”. 
? TLow = -55°C for C, D, F, H device. 
= -40° C for E device. 
THicu = +125°C for C, D, F, H device. 
=+ 85°C forE device. 


DYNAMIC CHARACTERISTICS (C, = 50pF, T, = 25°C) 


Voo 


PROPAGATION DELAY TIME 
4555B tpi. tee 
ib 280 
130 
100 
tecH. tpHL 
es 320 
100 
rts - [ 
100 200 


OUTPUT TRANSITION TIME 


Vos, DRAIN VOLTAGE (Vdc) 
-20 -18 -16 -14 -12 -10 8 -6 -4 -2 


lo, DRAIN CURRENT (mAdc) 


(spyw) INJUUND NIVUG 


6 8 10 12 14 16 18 20 
Vos, DRAIN VOLTAGE (Vde) 


Typical P-Channel Typical N-Channel 
Source Current Characteristics Sink Current Characteristics 


LOGIC DIAGRAM (% of Dual) 


*Eliminated for 45558 
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SCL4555B, SCL4556B 


APPLICATIONS INFORMATION 


% 4555B 


A 
A 
INPUTS [SELECT E 


DATA 
1/6 4069UB 


OUTPUT 
2 i) 


TRUTH TABLE 


1-of-4 Line Data Demultiplexer Using 4555B 


TRUTH TABLE 


[inputs | aourputs _| 

| ci efaloli|2}3}4|slel7 | 

| of offs Jolololojolofjo | 
OECOOER 


es . | of 1 Jofojo}sjojolojo lo 
| 0] 1 {1 Jojolo}1jofo {ojo | 
| tf of ofojojojol sjojojo | 


1-of-8 Decoder Using 4555B 


TRUTH TABLE 
Q OUTP 


rs 
Lo | 
o> | 
| 
co | 
i | 
c 
a 


OECODER 
INPUTS 


OuTPUTS 


“” 4556B 


~[efofofelofololelojolelolo}o|olo|m 


1-of-16 Decoder Using 4555B/ 4556B 
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SCL4581B 


SOLID Ng 

STATE 

SCIENTIFIC 

FEATURES 

@ Function and Pinout Equivalent to 74181 

@ Provides 16 Logic Functions and 16 Arithmetic 
Functions 

@ Comparator Function 

@ Positive or Negative Logic 

@ Full Look-Ahead for High-Speed Operations on 
Long Words 

DESCRIPTION 
The 4581B is a CMOS 4-Bit Arithmetic 


Logic Unit (ALU) capable of providing 16 func- 
tions of two Boolean variables and 16 binary 
arithmetic operations on two 4-bit words. The level 
of the Mode Control input determines whether the 
Output function is logic or arithmetic. The desired 
logic function is selected by applying the appro- 
priate binary word to the Select inputs (SO thru 
S3) with the Mode Control input high, while the 
desired arithmetic operation is selected by applying 
a low voltage to the Mode Control input, the 
required level to Carry in, and the appropriate 
word to the Select inputs. The Word inputs and 
Function outputs can be operated with either 
active-high or active-low data. 

Carry propagate (P) and Carry generate (G) 
Outputs are provided tc allow a full look-ahead 
carry scheme for fast simultaneous carry genera- 
tion for the four bits in the package. Fast 
arithmetic operations on long words are obtainable 
by using the 4582B as a second-order look- 
ahead block. An inverted Ripple-Carry input (Cy) 
and a Ripple-Carry output (C,+4) are included for 
ripple-through operation. 


ALU SIGNAL DESIGNATIONS 


Mode Control 
Input 
|F3, F2,F1, FO |13, 11, 10, 9| Function Outputs | 
| ASB | 14 [Comparator Output 


Carry Propagate 
Output 


15 
16 Inv. Carry Output 
Carry Generate 
7 Output 


CMOS 4-BIT ARITHMETIC LOGIC UNIT 
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CONNECTION DIAGRAM 
(all packages) 


INPUTS OUTPUTS 
~—— 


wa 
Vop A1 By A2 Ba Ag Bg G CyigP A=B F3 


24 23 22 21 20 19 18 17 16 15 14 13 


4581B 
1 23 4 5 6 7 8 9 10 11 12 


BO AO S3 S2 S1 SO C,,MC FO F1 F2Ve5 
ae” 


INPUTS OUTPUTS 


Add suffix for package: 
D 24-pin Ceramic 
E 24-pin Epoxy 
H Chip 


RECOMMENDED OPERATING CONDITIONS 
For maximum reliability: 
DC Supply Voltage Vpp- Vss 


3t0o15 Vdc 


Operating Temperature Tap 
D, H Device -55 to +125 OC 
E Device 40to+85 OC 


BLOCK DIAGRAM 


Function 
Select 
Inputs 


Output 
Function 


Comparison 
Output 
Ripple 

16 Carry 
Output 


Carry in 7 


Mode g 
Control 


Voo = Pin 24 
Vss = Pin 12 


SCL4581B 


ALU FUNCTION GENERATION 
The 4581B can be used with the signal designations of either Figure 1 or Figure 2. 


The logic functions and arithmetic operations obtained with signal designations as in Figure 
1 are given in Table 1; those obtained with the signal designations of Figure 2 are given in 
Table 2. 


Function 
Setect 
Inputs 


Voo = Pin 24 
$0 $1S2S83 Vss = Pin 12 $0 $1$2S3 


Output 
Function 


Word B Comparison Output 


Ripple Carry Output 


acre Look Ahead 
ye Carry Outputs 
Mode Control 


FIGURE 1 FIGURE 2 
(Use with Table 1 for Positive logic, (Use with Table 2 for positive logic, 
with Table 2 for negative logic) with Table 1 for negative logic) 


TABLE 1 . TABLE 2 
ACTIVE-LOW DATA ACTIVE-HIGH DATA 


"MC=H MC=L; ARITHMETIC OPERATIONS MC = L; ARITHMETIC OPERATIONS 


LOGIC Caz = 
(with carry). 


F= AMINUS 1 F=A 
F = AB MINUS 1 F=AB 

F = AB MINUS 1 F° AB 

F = MINUS 1 (2’s COMP) | F = ZERO 

F = APLUS (A+B) F = APLUS (A+ 8) PLUS 1 
F = AB PLUS (A ¢ B) F = ABPLUS (A +6) PLUS 1 
F = A MINUS B MINUS 1] F = A MINUS B 

FoA+8 F = (A +B) PLUS 1 

F = APLUS (A + B) F = APLUS (A+ B) PLUS 1 
F=APLUSB F=APLUS 86 PLUS 1 

F = AB PLUS (A + B) F = AB PLUS (A-+ 8) PLUS 1 
F=(A+B) F = (A+ B) PLUS.1 
F=APLUS A® F => APLUS APLUS 1 
F=ABPLUSA F = AB PLUS APLUS 1 
F=ABPLUSA F = AB PLUS APLUS 1 
FzoA F=APLUS 1 


FroA Fz APLUS 1 

Fz A+B F = (A+8) PLUS 1 
FzA+8 F = (A+B) PLUS 1 

F = MINUS 1 (2's COMPL)] F = ZERO 

F=APLUS AB F = APLUS AB PLUS 1 

F = (A+B) PLUS AB F = (A + B) PLUS AB PLUS 1 
F = A MINUS B MINUS 1 |F = AMINUS B 

F = AB MINUS 1 Fo AB 

F = APLUS AB F =A PLUS AB PLUS 1 
F=APLUSB F= APLUS B PLUS 1 

F = (A+B) PLUS AB F > (A +B) PLUS AB PLUS 1 
F = AB MINUS 1 F=AB 

F = APLUS A® Fo APLUS A PLUS 1 

F =(A+B)PLUSA F = (A+B) PLUS A PLUS 1 
F = (A+B) PLUSA F = (A +6) PLUS APLUS 1 
F = AMINUS 1 FoA 


a 
PI > > 


r 
Pro yY> @ >Y 
+ 


>> zB 


zetTrrererrmerw TTFTTereererer 
ZErrrTrrrer TtTrTrrererrer 
TtrrTFTrFrrrtrorere ttre 
TCetTerertrere tre terFetrterir 


ZTereoBertTrertr FTtrrteteritier 


TFTrrerFtFTrr TFEFTrrtrterer 
nnnanananrawnanan nh 
a 


ZEZITtTrTrTIeFrrerrrer 


fznrriririririererrereerre 


* Each bit is shifted to the next more significant position. 


When the device is in the subtract mode Daa tc tec Magnitude 
Level 7 n+4 89 


(LHHL), comparison of two 4-bit words present at a<<c5 


the A and B inputs is provided using the A=B Active A<B 
output. It assumes a high-level state when indi- High 


A>8B 
A2sB 


raral a 


reir 


A>s8 
AosB 


cating equality. Also, when the ALU is in the a 
subtract mode the Cp+q output can be used to ae A<B 
Low 


indicate relative magnitude as shown in this table: 


= 
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SCL4581B 


ELECTRICAL CHARACTERISTICS 
STATIC CHARACTERISTICS ' 


QUIESCENT DEVICE 
CURRENT Vin 2 Ves cr Vop 
All valid input 
combinations 


NOTES: ' Remaining Static Electrical Characteristics are listed under “4000B Series Family Specifications”. 
2 Tow 2 -55°C for D, H device. 
= -40°C for E device. 
Tuicu = +125°C for D, H device. 
= + 85°C for E device. 


DYNAMIC CHARACTERISTICS (C, = 5OpF, Ta = 25°C) 


Vop 
5 


PROPAGATION DELAY TIME teu ted 


Sum In to Sum Out - 400 800 
10 - 160 | 320 
15 - 120 ' 240 


Sum In to Sum Out (Logic Mode) 


Sum Into A=B 


Sum in to P or G 


Sum In to Casa 


Carry In to Sum Out 


Carry Into Carag 


OUTPUT TRANSITION TIME 


tron Cry 


AC PATHS 
TEST OUTPUTS 


Sumiq to SuMoyy 
Delay Time 


Sum,, to P 
Oelay Time 


Sump, to G 
. Delay Time 


Sumin to Cnea 
Oelay Time 


Cr to SumMourt 
Oelay Time 


Cn to Crea 
Oelay Time 


Sumin to A= B 
Oelay Time 


Sumy nq to SumMay: 
Oelay Time 
{Logie Mode) 


Vos, DRAIN VOLTAGE (Vdc) 
-20 -18 -16 -14 -12 -10 -8 -6 -4 


a eS 
Veg =-10 Vee < 


7 
=] 
: 
: 
2 
5 


8 12 14 16 18 20 
Vos, DRAIN VOLTAGE (Vde) 
Typical P-Channel Typical N-Channel 
Source Current Characteristics Sink Current Characteristics 
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SCL4581B 


APPLICATIONS INFORMATION 


ADDITION REQUIREMENTS 


Carry Method 


Arithmetic Look-Ahead Between 
Logic Units | Carry Generators 


ALU's 


Number 
of 
Bits 


1t04 None 

§t08 Ripple - 

9to 16 Full Look-Ahead 
17 to 64 Full Look-Ahead 


EXPANSION TECHNIQUES 


16 Bit ALU, Ripple Carry 


45818 


“Hh 


° 
GTP Cary 


32 Bit ALU Two Lever Look Ahead Over 16 Bt Groups 


65818 


G1 P1 Crey 


45828 


Como.nec two level ;ook ahesd and ripple carry ALU 


a ae iam 
[| [ | [ | e ° 
GO PO Cree GIP? Casy G2 °2 Ca, G3 P3 
45828 Pp 
e e 


Cn 
é 


64 Bt ALU Full Carry Loon Anead «rn Three. eves 


A and B Inputs and F Outputs are not shown (45818). 
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SOLID G 
STATE Sg 
SCIENTIFIC 


SCL4582B 


FEATURES 


@ EXpandable to any Number of Bits 
@ High-Speed Operation 
@ Directly Compatible with 4581B ALU 


DESCRIPTION 


The 4582B is a high-speed, Look-Ahead 
Carry Generator capable of anticipating a carry 
across four binary adders or group of adders. It is 
cascadable to perform full look-ahead across n-bit 
adders. Carry, generate-carry, and propagate-carry 
functions are provided. 

When used in conjunction with the 4581B 
Arithmetic Logic Unit (ALU), these generators 
provide high-speed carry look-ahead capability for 
any word length. Each 4582B generates the 
look-ahead (anticipated carry) across a group of 
four ALU’s and, in addition, other carry look- 
ahead circuits may be employed to anticipate carry 
across sections of four look-ahead packages up to 
n-bits. 

Carry input and output of the 4581B ALU 
are in their true form and the carry propagate (P) 
and carry generate (G) are’ in negated form; 
therefore, the carry functions (inputs, outputs, 
generate, and propagate) of the look-ahead gener- 
ators are implemented in the compatible forms for 
direct connections to the ALU. Reinterpretations 
of carry functions as explained on the 4581B 
data sheet are also applicable to and compatible 
with the look-ahead generator. 


PIN DESIGNATIONS 


DESIGNATION | PIN NO‘s| FUNCTION 
Active-Low 
Carry-Generate Inputs 
a Active-Low 
Cre Me Cnty 
Chez 
Active-Low Group 
Carry-Generate Output 
7 Active-Low Group 
Carry Propagate Output 


LOGIC EQUATIONS 


Co+x 7 GO + PO@C,, 
Cnty 7 G1 + P10 GO+ P10 POeC, 


Cn+z = G2 + P20G1+ P20P1 @©GO+ P2eP1¢@POeC,, 


G = G3+ P30 G2+PZeP20G1 + P3eP2eP1¢6G0 
P= P3@P20P1eP0 


CMOS LOOK-AHEAD CARRY BLOCK 


CONNECTION DIAGRAM 
(all packages) 


CH Ch+xCnty 


Add suffix for package: 


16-pin Cerdip 
16-pin Ceramic 
16-pin Epoxy 
16-pin Flat 
Chip 


RECOMMENDED OPERATING CONDITIONS 
For maximum reliability: 
DC Supply Voltage Vpp-Vss 


Operating Temperature Ty 
C, D, F, H Device 
E Device 


3to15 Vdc 


-55 to +125 OC 
40to +85 9 


BLOCK DIAGRAM 


Vpo 2 Pin 16 
Vss =Pin 8 
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SCL4582B 


ELECTRICAL CHARACTERISTICS 
STATIC CHARACTERISTICS ' 


CONDITIONS 


Vv 
PARAMETER hed 
| ranawerer =| 3, a Hae ete 


QUIESCENT DEVICE 
150 |uAdc 
300 
600 


CURRENT 
NOTES: ' Remaining Static Electrical Characteristics are listed under “40008 Series Family Specifications”. 
2 TLow = -55°C for C, D, F, H device. 
= -40° Cc for E device. 
THicH = +125" C for C, D, F, H device. 
=+ 85°C for E device. 


Vin=Ves OF Vop 
All valid input 
combinations 


DYNAMIC CHARACTERISTICS (C, = 50pF, Ta = = 


PARAMETER 
PROPAGATION DELAY TIME 


-~ ri 
™ 2 


OUTPUT TRANSITION TIME 


Voc, DRAIN VOLTAGE (Vde) 
-20 -18 -16 -14 -12 -10 -8 -6 


lo, DRAIN CURRENT (mAdc) 


(spyw) INZJuUND NIVUO 


12 14 
Vos, DRAIN VOLTAGE (Vdc) 


Typical P-Channel Typical N-Channel 
Source Current Characteristics Sink Current Characteristics 


APPLICATIONS INFORMATION 


64-BIT ALU, FULL-CARRY LOOK-AHEAD IN THREE LEVELS 
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SOLID GB 


STATE SCL4584B 
SCIENTIFIC 

CMOS HEX INVERTING SCHMITT TRIGGER 
FEATURES: 


# Schmitt Trigger Action on each Input with no External 
Components 

® Noise immunity Greater than 30% 

= No Limit on Input Rise and Fall Times 

= Pin for Pin Replacement for CD40106B, MM74C14 and 
MCI4584B 

® Also Pin Compatible with 74C04 and 4069 Hex Invert- 
ers 


DESCRIPTION: 


The 4584B consists of six Schmitt Trigger circuits, 
constructed with MOS P-channel and N-channel en- 
hancement mode devices in a single monolithic struc- 
ture. These devices find primary use where low power 
dissipation and/or high noise immunity is desired. The 
4584B may be used in place of the MCI4069B hex 
inverter for enhanced noise immunity or to square up 
slowly changing waveforms. 


LOGIC DIAGRAMS 
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CONNECTION DIAGRAM 
(all packages) 


Vop 6A 6Y 5A SY 4A 4Y 


14 13 12 11 10 9 8 


1A 1Y 2A 2Y 3A 3Y Vs 


Add suffix for package: 
C 14-pin Cerdip 
D 14-pin Ceramic 
E 14-pin Epoxy 
F 14-pin Flat 
H Chip 


RECOMMENDED OPERATING CONDITIONS 

For maximum reliability: 
DC Supply Voltage Voo-Vss 3 to 15 Vdc 
Operating Temperature Ta 


C, D, F, H Device -55 to +125 °C 
E Device -40 to +85 °C 


SCL4584B 


ELECTRICAL CHARACTERISTICS 


STATIC CHARACTERISTICS' 


QUIESCENT 
DEVICE CURRENT 
combinations 


POSITIVE TRIGGER 
THRESHOLD VOLTAGE 


NEGATIVE 
TRIGGER THRESHOLD 
VOLTAGE 


HYSTERESIS 
VOLTAGE 


NOTES: ' Remaining Static Electrical Characteristics are listed under “ 4000B Series Family Specifications”. 


2 Tiow = —55°C for C. D, F. H devices. 
= —40°C for E Devices. 
Tuich = +125°C for E, D. F. H devices. 


+85°C for E devices. 


DYNAMIC CHARACTERISTICS (C, = 50pF, T, = 25°C) 


PROPAGATION DELAY 
TIME 


OUTPUT TRANSITION 
TIME 
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SOLID SB 


STATE SCL4585B 
SCIENTIFIC 

CMOS 4-BIT MAGNITUDE COMPARATOR 
FEATURES 


@ Binary or BCD Comparison 
@ Expandable 
@ A<B, A=B, A>B Outputs Available 


DESCRIPTION 


This 4-Bit Magnitude Comparator performs 
comparison of straight binary and straight BCD 
(8-4-2-1) codes. Three decisions about two 4-bit 
words (A, B) are made and are externally available 
at three outputs. These devices are fully expand- 
able to any number of bits without external gates. 
Words of greater length may be compared by 
connecting comparators in cascade. The A<B and 
A=B outputs of a stage handling less-significant bits 
are connected to the corresponding A<B and A=B 
inputs of the next stage handling more-significant 
bits. The A>B cascading input is connected to a 
high level. The stage handling the least-significant 
bits must have a high-level voltage applied to the 
A=B and A>8 inputs. An alternate method of 
cascading which reduces the comparison time is 
shown under Applications Information. 


CONNECTION DIAGRAM 
(all packages) 


INPUTS OUTPUTS INPUTS 


Vpop A3 B3 A>B A<B BO AO BI 


15 14 13 12 
4585B 


3. 2. 


A2 A=B A>B A<B A=B Al Veg 
See INPUT 
INPUTS | CASCADING 


output |!NPUTS 


Add suffix for package: 


16-pin Cerdip 
16-pin Ceramic 
16-pin Epoxy 
16-pin Flat 
Chip 


RECOMMENDED OPERATING CONDITIONS 
For maximum reliability: 


DC Supply Voltage 3t015 Vdc 


Vpb - Vss 
Operating Temperature Tap 
C, D, F, H Device 


E Device 


-55 to +125 °C 
40 to +85 °C 


TRUTH TABLE BLOCK DIAGRAM 


(A>B)in 

(A=B8) in 

(AKB)in (A>B) out 
AO 

60 

Al (A=B) our 
61 

A2 

B2 (A<Blout 
A3 


A3>B83 x 
A3=B3 | A2>B2 
A3=B3 | A2=B2 
A3=83 | A2=82 
A3=B3 | A2=B62 
A3=B3 | A2=B2 
A3=83 | A2=82 
A3=B3 | A2=B2 
A3=B83 | A2-B82 
A3=B3 | A2<B2 
A3<83 


Ai=B1 
A1=B1 
At=61 


A0=B80 
A0=80 


At=B1 | AO<BO 
A1<B1 x 

x x 

x x 


x 
a ee ee ee ee 
X = Don’t Care 83 


Voo = Pin 16 
Vsg = Pin 8 
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SCL4585B 


ELECTRICAL CHARACTERISTICS 
STATIC CHARACTERISTICS ' 


PARAMETER Voo | CONDITIONS 
(Vdc) 


QUIESCENT DEVICE 
CURRENT 


a aa tet Ure 
[ Min. | Max.| Min. | Typ. | Max. | Min. | Max. 


Vin =Ves5 or Vop 
All valid input 
combinations 


NOTES: ' Remaining Static Electrical Characteristics are listed under “ 4000B Series Family Specifications”. 
2 TLow = -55-C for C, D, F, H device. 
= -~40°C for E device. 
Tuicu =+125°C for C, D, F, H device. 
=+ 85°C for E device. 


DYNAMIC CHARACTERISTICS (C, = 50pF, Ta = 25°C) 


Voo 
PARAMETER | (Vde) min, | Typ. 


PROPAGATION DELAY TIME 
OUTPUT TRANSITION TIME 


80 160 


100 200 
50 
40 


Vog, DRAIN VOLTAGE (Vdc) 
-20 -18 -16 -14 -12 -10 -8 -6 


lo, DRAIN CURRENT (mAdc) 


(9pyw) INIUUND NIVUO 


6 8 10 12 14 16 18 20 
Vos, DRAIN VOLTAGE (Vde) 


Typical P-Channel Typical N-Channel 
Source Current Characteristics Sink Current Characteristics 


LOGIC DIAGRAM 


6 
(A=B){, o—{>o—____ 


4 
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SCL4585B 


APPLICATIONS INFORMATION 


COMPARISON OF TWO N-BIT WORDS 


AO Al A2 A3 A4 AS AGB A7 An 3 An-2 An 1 An 
t 


OUTPUTS 


A=B 4585 A=B A=B 4585 A-B 


A>B 
a 


BO 81 B2 83 B4 85 86 87 Bn-3 8n-2 Bn-1 Bn 


(NPUTS 
(MSB) B19 
A19 
B18 
A18 

pe This application demonstrates how these magni- 

B16 tude comparators can be cascaded to compare 

A16 longer words. The example illustrated shows the 

comparison of two 20-bit words; however, the 

scheme is expandable to n-bits. As an example, one 

comparator can be used with five of the 20-bit 

comparators illustrated to expand the word length 


to 100-bits. 


WORD NUMBER 
LENGTH OF PKGS 


1-4 bits 
5-20 bits 
21-100 bits 


(LSB) BO 
AO 
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JEDEC Standard Specifications 


BERR EEE. 
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JEDEC STANDARD SPECIFICATIONS 
FOR DESCRIPTION OF 
“B” SERIES CMOS DEVICES 


MAY 1976 


Formulated by 
JEDEC Solid State Products Council 


NOTE: Solid State Scientific has taken part in the activities of the JEDEC Committee since its 
inception, and fully supports the following specifications. All part types manufactured by Solid State 
Scientific and marked with the designation ‘'B'’ meet or exceed the industry standard CMOS 
specifications described herein. 


1. PURPOSE AND SCOPE 


1.1 Purpose 
To develop a standard of 'B" Series CMOS Specifications to provide for uniformity, multiplicity of 
sources, elimination of confusion, and ease of device specification and system design by users. 


1.2 Scope 
This Standard covers standard specifications for description of ‘‘B’’ Series CMOS devices. 


2. DEFINITIONS 
2.1 “B” Series a 
“B" Series CMOS includes both buffered and unbuffered devices. 


2.2 “Buffered’’ 


A buffered output is one that has the characteristic that the output ‘'on”’ impedance is independent of 
any and all valid input logic conditions, both preceding and present. | 


3. STANDARD SPECIFICATIONS 


3.1 Listing of Standard Specifications. Table 1 lists the standard specifications for ‘B’ Series CMOS 
devices. 


3.2 Absolute Maximum Ratings. In the maximum ratings listed below voltages are referenced to Vss. 
| ABSOLUTE MAXIMUM RATINGS 


DC Supply Voltage Vop -0.5 to + 18 Vde 

input Voltage Vin —0.5 to Vpnt+ 0.5 Vde 

DC Input Current hin +10 mAdc 
(any one input) 

Storage Temperature Range Ts —65 to + 150 °C 


3.3 Recommended Operating Conditions. Recommended operating conditions are listed below. 
RECOMMENDED OPERATING CONDITIONS 


DC Supply Voltage Von +3 to + 15 Vdc 
Operating Temperature Range Ta 
Military-Range Devices —55 to + 125 °C 
Commercial-Range Devices -—40 to + 85 °C 


3.4 Designation of “B” Series CMOS Devices 
Those parts which have analog inputs and/or outputs shall be included in the ‘‘B” Series providing 
those parts’ maximum ratings and logical input and output parameters conform to the ‘‘B” Series, 
such as (including, but not limited to): 

4051B 4053B 

4052B 4066B 
Products that meet ‘B"’ Series specifications except that the logical outputs are not buffered and the 
Vn, and Vin specifications are 20% and 80% of Vopp, respectively, shall be marked with the UB 
designation, such as (including, but not limited to): 


4000UB 4002UB 4011UB 4023UB 4041UB 4069UB 
4001UB 4007UB 4012UB 4025UB 4049UB 
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STATIC CHARACTERISTICS 


PARAMETER 


Quiescent 
Device Current 


Vin=Vss or Vop 


GATES 
All valid input 
combinations 


Vin=Vss or Vop 


BUFFERS, 
FLIP-FLOPS 


All valid input 
combinations 


Vin=Vss or Vop 


All valid input 
combinations 


Low-Level 
Output Voltage 


Vou] High-Level 
Output Voltage 


Vin=Vss or Vpp 
[lo] <14A 


Vin=Vss oF Voo 


Input Low Vo= 

Voltage 0.5V or 4.5V 
1.0V or 9.0V 
1.5V or 13.5V 


Input High Vo= 
Voltage 0.5Vor 4.5V 
1.0V or 9.0V 


[lol <1uA 


Output Low 
(Sink) Current 


Vin=0 or 5V 
Vo=0.5V, 
Vin=0 or 10V 
Vo=1 SV, 
Vin=0 or 15V 


Vo =0.4V, 
Vin=0 or 5V 
Vo =0.5V, 
Vin=0 or 10V 
Vo=1 5V, 
Vin=0 or 15V 


Output High Vo=4.6V, 

(Source) Current Vin=0 or 5V 
Vo=9.5V, 
Vin=0 or 10V 
Vo=13.5V, 


Vin=0 or 15V 


Vo=4.6V, 
Vin=0 or 5V 
Vo=9.5V, 
Vin=0 or 10V 
Vo=13.5V, 
Vine0 or 15V 


ae 
Vin=0 or 15V 
Input Capacitance ae ie 
per Unit Load 
*T, ow = -55°C for Military Temp. Range device, -40°C for Commercial Temp. Range device. 
* Tuigh = +125°C for Military Temp. Range device, +85°C for Commercial Temp. Range device. 
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CMOS Fundamentals 


A 
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CMOS FUNDAMENTALS 


MOS DEVICES 


Complementary MOS (CMOS) logic, memory, and 
switching circuits are constructed with P-channel and 
N-channel enhancement-mode MOS transistors dif- 
fused on a monolithic silicon chip. Field-effect transis- 
tors are unipolar devices; that is, their operation is 
based on a function of only one type of charge carrier — 
holes in P-channel types, and electrons in N-channel 
types. 

A simplified cross-section of an N-channel 
enhancement-mode MOS transistor is shown in Figure 
1. This transistor is a four-terminal device. In CMOS 
logic applications, the substrate and the source are 
usually connected to a common point, which in the 
N-channel transistor is the most negative potential or 
Vss. With no voltage applied between gate and source, 
the two N+ diffusions are electrically isolated from each 
other and no conduction occurs. As an increasingly 
positive voltage is applied to the gate, an N-type inver- 
sion layer begins to form at the surface between source 


N—Channel MOSFET Operation 


+Vos 


J DRAIN 
gh > SUBSTRATE 
SOURCE 


OV ¢ 
7p WES YU 


a. 


| ORAIN N+ | N+ 
P SUBSTRATE 


Figure 1 


P—Channel MOSFET Operation 


Ue 


aR YASS YU: 
++ttttes 


N SUBSTRATE 


ia 


| DRAIN P+ | P+ 


Figure 3 
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and drain. When a threshold voltage V7 is reached, the 
inversion layer just begins to connect source and drain, 
allowing some conduction. As the gate voltage in- 
creases further, the inversion layer is driven deeper, 
resulting in greater conductivity from source to drain. A 
saturation point is reached when +V), is forced higher 
than V.-Vrx; the device, therefore, is self-current- 
limiting. Figure 2 shows typical drain characteristics for 
an N-channel MOS transistor. Note the similarity to 
equivalent vacuum tube characteristics. 

Operation of the P-channel device (Figure 3) is simi- 
lar, except that the source and substrate are connected 
to the most positive potential, Vip. A P-type inversion 
layer, or channel, is formed when a negative voltage is 
applied to the gate with respect to the source. The 
threshold voltage V;pis defined as that value of V;, which 
Causes a specified minimum conductivity between 
source and drain. Saturation occurs when the drain-to- 
source voltage Vp, is forced more negative than V,-V 7s. 
Figure 4 shows typical drain characteristics for a 
P-channel MOS transistor. 


Typical N-Channel Drain Characteristics 


Va SV 


AMBIENT TEMPERATURE 'Ta1 + 268 C 
TYPICAL TEMPERATURE COEFFICIENT 
#77 FORT, 


03% C 


‘ 
shee wees 
e 


ORAIN MILLIAMPERES «1,5 


5 10 125 «#35 
ORAIN TO SOURCE VOLTS (¥,;5) 


Figure 2 


Typical P-Channel Drain Characteristics 
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Figure 4 


Basic CMOS Inverter Circuit 
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A major feature of the metal oxide semiconductor is 
the very high input resistance resulting from the dielec- 
tric oxide isolation between the gate and the channel. 
The input resistance is virtually unaffected by the polar- 
ity of the gate bias. Also, whatever leakage current does 
exist between gate and source is relatively independent 
of ambient temperature variations. 


CMOS DEVICES 


Complementary MOS logic circuits employ both 
P-channel and N-channel enhancement-mode MOS 
transistors. They have opposite, or complementary, 
switching characteristics and can therefore be used as 
virtually ideal switching components. Consider the im- 
plementation shown in Figure 5. The circuit consists of 
one P-channel device and one N-channel device. Note 
that to form the N-channel device, a P-doped ‘‘tub” must 
be created into which the device is placed. ‘‘Channel 
stops” must also be placed between the P-tub and the 
P-drain to prevent parasitic channeling effects. 

When a positive voltage Vpp is applied at the input, 
the P-channel switches off and the N-channel switches 
on. Thus, the output is connected to Vss through the low 
on-resistance of the N-channel device. Alternatively, 
applying Vss to the input turns off the N-channel and 
turns on the P-channel. in this state, the output is con- 
nected to Vpn through the equivalent on-resistance of 
the P-channel device. Therefore, an input voltage of Vpp 
results in an output voltage of Vss, and an input voltage 
of Vss results in an output voltage of Vpp. The circuit is a 
simple digital inverter. 
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Figure 5 
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Any logic function capable of being constructed 
with ideal switches can be implemented in CMOS. Add- 
ing a parallel P-channel device and a series N-channel 
device to the basic inverter transforms the circuit into a 
positive-logic 2-input NAND gate (Figure 6). Adding a 
parailel N-channel and a series P-channel device in- 
stead transforms the inverter into a 2-input NOR gate. 


CMOS NAND Gate 
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CMOS Combinational Logic Function 
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Figure 7 


Note that in each circuit there exists no DC path 


from Vin to Vs: if a connection is made to V,, through. 


the N-channels. a corresponding P-channel blocks the 
connection to Vpp; alternatively, if the P-channels are 
on, then a corresponding N-channel is off. Therefore, 
very low power dissipation results without sacrificing 
low output impedance. 


Combinational Logic 


Numerous functional logic combinations are easily 
implemented in CMOS. A rule of thumb is series 
N-channel devices for AND/NAND functions. and paral- 
lel N-channel devices for OR/NOR functions. The 
P-channel devices are then configured in the circuit 
dual of the N-channel devices. Figure 7 shows the com- 
mon AND/OR/INVERT (AOI) construction. 


Transmission Gates (Analog Switches) 


The CMOS transmission gate. or analog switch. isa 
single-pole single-throw (SPST) switch formed by the 
parallel connection of a P-channel and an N-channel 
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CMOS Transmission Gate 
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device (Figure 8). The inverter is required to apply the 
correct polarity gate voltage to both transistors simul- 
taneously. The switch is purely ohmic. with an ON- 
resistance of about 200 - 4001) and OFF-resistance typi- 
Cally about 10''2). There is no offset voltage across the 
switch. These characteristics approach those of the 
ideal switch (Rix = 0, Rure = x). A single-transistor 
Switch results in a source-follower circuit in which gate 
Cut-off occurs and limits the load to charge only to 
within one threshold of the gate. When two complemen- 
tary devices are operated in parallel. one of the two 
channels is always being operated as a drain-loaded 
Stage. permitting a low-impedance path for all switched 
signal voltages. 

The transmission gate is useful in digital applica- 
tions as well. Combinational logic functions can be im- 
plemented. and the device provides a simple method for 
constructing 3-state (bussed) systems. 


4000 SERIES DEVICES 


Using basic CMOS techniques. Solid State Scien- 
tific has developed the SCL4000 Series Family of build- 
ing block elements and complex functions. Devices 
Numbered 40xx and 45xx are equivalents to 
industry 40xx and 45xx types. The designation 44xx 
indicates proprietary devices: they are usually varia- 
tions on standard 40xx devices. making them more suit- 
able for specific applications. 


Design Information 
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CMOS DESIGN CONSIDERATIONS 


This section is presented as an aid to the systems designer in proper application and use 
of CMOS devices. Areas such as power supply techniques and dissipation charac- 
teristics, thermal factors, operating considerations, interfacing parameters, and ac 


fan-out are covered in some detail. 


POWER SUPPLY CONSIDERATIONS 


CMOS offers the designer several important advan- 
tages over other technologies: 

1. wide operating voltage range 

2. very low power dissipation 

3. constant switching threshold voltage ratio 
These advantages permit operation from unregulated 
supplies, simplify filtering requirements, and eliminate 
the need for cooling equipment. In addition, battery- 
operated systems, either stand-alone or back-up, are 
feasible. 


OPERATING VOLTAGE RANGE 


Minimum and maximum operating voltages for all 
Solid State Scientific CMOS devices are specified as 3 
and 15 Vdc, respectively, with an absolute limitation of 
-0.5 and 18 Vdc, applied at the Vpp terminal relative to 
Vss. The minimum value of 3 Vdc represents the 
maximum expected value of either P-channel or 
N-channel transistor threshold voltages. Operation at 
lower voltages may, therefore, prevent half of the device 
from turning on. The absolute limitation of -0.5 Vdc 
merely prevents the internal device junctions from be- 
coming forward-biased: the circuit is obviously non- 
operational under this condition. 

The maximum value prevents avalanche of these 
internal junctions. While the 18 Vdc restriction on low- 
current avalanche is somewhat conservative, there is 
_ the possibility of on-chip current transients turning on 
the parasitic bipolar transistors inherent in CMOS con- 
struction. The chip can enter secondary breakdown be- 
cause these transients can easily exceed the 10-50 mA 
sustaining current required. The result is a Short circuit 
reflected at the supply and catastrophic device failure 
(see Figure 1). 


Secondary 
Breakdown 
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Parasitic 
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Junction 
ao Avalanche 
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Fig. 1 — Secondary breakdown characteristics 
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POWER DISSIPATION 


The quiescent, or OC, power dissipation compo- 
nent consists normally of only leakage currents across 
reverse-biased diode junctions. This is true because, in 
the quiescent state, there exists no direct path between 
Vin and Vx, other than these leakages, which are typi- 
Cally in the nanoampere region. tn reality, certain sur- 
face effects will contribute to the quiescent dissipation. 
These factors have been taken into account in specify- 
ing the worst-case values given in the individual device 
data sheets; these values should be used by the de- 
signer in determining the necessary capacity of standby 
battery or other back-up supplies. 

Dynamic, or ac, dissipation consists of two factors 
associated with switching: the power delivered from the 
supply to the load, and the current which momentarily 
flows between the supplies during switching. The first 
of these represents the energy required to charge and 
discharge the load capacitance (plus the small internal 
Capacitances). The energy stored by a capacitor is given 


by: ; 

: E. = ¥2 CV’ 
Since CMOS outputs switch from supply to supply, and 
the load capacitance is both charged and discharged 
once each cycle of the output frequency f, this compo- 
nent of power dissipation is given by: 


2E,. 
%j = Ci Vin f 


Pi, -_ (Vss =0 Vdc) 
Note that this component increases linearly with load 
capacitance C,, operating frequency f, and the square 
of the operating voltage Vi». Figure 2 shows this func- 
tional dependence for a typical CMOS gate. 

The Figure assumes input rise and fall times of 
20ns. As these transition times increase, however, cur- 
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Fig. 2 — Typical gate power dissipation 
characteristics 
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Fig. 3 — Typical current and voltage transfer 
characteristics 


rent flows between the supplies because both 
P-channel and N-channel transistors are biased on 
momentarily. This through-current is a complex func- 
tion of fabrication parameters, device geometries. 
operating voltage, temperature, rise and fall times, and 
operating frequency. A typical waveform of through- 
current lz, in relation to voltage transfer characteristics 
is shown in Figure 3. 

Power dissipation due to through-current can be 
shown to be proportional to the factors described above 
in the following way: 

Pr « f (tr + t)Vbn 
where the constant of proportionality is dependent 
upon device parameters. 

The relationship between supply current Innand Iss, 
load capacitance, and input rise and fall time is illus- 
trated in Figure 4. 

The waveforms (a) show Ipp, Iss, and the through- 
current Iz, for a load capacitance of 15pF and t,. t, of 
10us. The smaller of the |, and |,, pulses represents the 
maximum through-current of the device. The slight 
amplitude differences between pulses represent the 
current delivered to the load. The magnitude of the 
through-current pulses in (a) is used as the standard for 
(b) and (c). 

The input rise and fall times are decreased to 400ns 
in (b). Here again, the smaller current pulses represent 
through-current, which has somewhat decreased from 
(a). Note that since the width of the current pulse has 
also decreased, the magnitude of the current delivered 
to the 15pF load has increased (to deliver the same 
charge). 

Load capacitance in (c) is increased to 65pF, and 
input transition times decreased to 40ns. Through- 
current pulses have virtually disappeared, except for the 
current charging and discharging internal capacitance. 
The magnitude of the load current, however, has in- 
creased due to the increased load and narrower current 
pulse width. 

All complex CMOS functional devices employ buf- 
fered inputs to minimize the through-current effects 
described here. Caution is urged when using high- 
current buffers and unbuffered gates in conjunction 
with large loads and high operating voltages; long input 
rise and fall times may cause the device power dissipa- 
tion restriction to be exceeded. 


REGULATION AND BATTERY OPERATION 


The wide operating voltage range and constant 
switching voltage ratio of CMOS permit use of simple 
unregulated supplies, as shown in Figure 5. 


283 


CRS SSSR EE HEHEHE SE HEEH EES HEHE HEHEDE TE HE HHOH 


Input t,, te =~ 10 us 
C, = 15 pF 


2.5 


IS 1.25--—+ +--+ 


Input t,, te = 400 ns 
Cy = 15 pF 


Input t,, te =» 40 ns 
C_ = 65.pF 


Ac 
input 
(115/120 V 


60 Hz) ; 


Fig. 5 — CMOS unregulated power supply 
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Fig. 6 — CMOS battery back-up power supply 


The primary considerations with a supply of this 
type are: 

1. The resulting voltage must at all times fall within 
the specified limits of the system. This is the 
purpose of the zener diode. 

2. The lowest instantaneous voltage must permit 
the system to operate at the worst-case system 
speed parameters. 

3. The filter capacitor must be able to furnish the 
worst-case system switching current. Rs is 
selected to supply the peak transient current of 
the system plus the necessary zener current 
when diode D, is forward biased (high portion of 
Vs cycle). The capacitor is selected to supply the 
system switching current and quiescent current 
when D, is reverse biased (iow portion of V; 
cycle). 

Replacing the filter capacitor with a rechargeable 
battery provides an easy method of implementing a 
back-up supply (see Figure 6). Here, R, supplies also the 
charging current for the battery. The zener diode has a 
breakdown voltage between the battery voltage and the 
maximum device rating. It prevents power line tran- 
sients from developing damaging voltage spikes due to 
the characteristic impedance of the battery. Systems 
may be kept operating over long periods of time on such 
a supply. 

CMOS power supplies may also be derived from 
higher-voltage dc supplies as shown in Figure 7. The 
zener diode regulates the CMOS supply voltage; resis- 
tor Rs supplies the load and zener currents, while the 
filter capacitor maintains the voltage during switching 
transients. 


FILTERING 


Most CMOS systems require less filtering on supply 
busses than other logic families. While Vpp and Vsz line 
drops are generally smail due to the small currents in- 
volved, a few capacitors per board are recommended to 
prevent switching transients from causing excessive 
voltage variations. This is especially true with devices 
which have long rise and fall time input signals. As 
described in the discussion of through-current, large 
supply currents can result under these conditions. An 
extra 0.1 4 F capacitor may be required to supply the 
current surge without causing excessive supply voltage 
drops. Similarly, devices which operate synchronously, 
such as counters and shift registers, supply large charg- 
ing currents to several loads during switching. Here 
again, 0.1 «% F bypass capacitors may be indicated in 
such cases. 
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Fig. 7 — Deriving CMOS power from high voltage 
DC source 


THERMAL FACTORS 


Transfer characteristics of CMOS devices exhibit 
excellent stability over temperature. This feature allows 
the ambient temperature range of CMOS devices to bea 
function of package type. This section discusses tech- 
niques of thermal management and the variation of de- 
vice characteristics with temperature. 


THERMAL MANAGEMENT 


Circuit performance and long-term reliability are 
maximized at low junction temperatures. Power dissi- 
pation is the common source of heat in any system; the 
negligible power consumed in the quiescent state in 
CMOS circuits is a major factor in maintaining perform- 
ance and reliability. In general, operation at moderate 
speeds and voltages does not require consideration of 
the package dissipation restriction of 300 mW. In high- 
frequency, high-voltage, large-load, or analog applica- 
tions, however, these considerations become impor- 
tant. 

The average junction temperature is a function of 
device power dissipation and the ability of the packag- 
ing system to remove the generated heat. This is ex- 
pressed in the following formula: 

Ty =T, + Pp (944) 
where T; = junction temperature 
T, = ambient temperature 
Py = calculated power dissipation 
0;, = thermal resistance, junction-to-ambient 


Worst-case and typical values of 90,, for common IC 
package types in still air and without heat sinking are 
shown in the table: 


a paca 


Epoxy B Dual-in-line 
14- or 16-lead 
Cerdip Dual-in-line 
14- or 16-lead 

Epoxy B Dual-in-line 
24-lead 


Ceramic Dual-in-line 
24-lead 


These figures should be consulted in cases where 
there is reason to believe that device dissipation may be 
excessive. 
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Fig. 8 — Typical inverter voltage transfer character- 
istics as a function of temperature 


PARAMETRIC THERMAL VARIATION 


All operational parameters vary to some degree 
with temperature. Since CMOS devices may be used 
over very wide temperature ranges, the designer should 
be familiar with the effects of these thermal variations. 
They fall into three categories: transfer characteristics, 
leakage current, and channel resistance effects. 

1. Transfer Characteristics 
Figure 8 illustrates the negligible variation in transfer 
voltage over the entire military temperature range. 
This results from the tendency of P-channel and 
N-channel transistor threshold voltages to track to- 
gether. Under similar conditions, a bipolar device 
threshold may vary more than 40%. This features 
makes threshold-dependent circuits such as oscil- 
lators and multi-vibrators feasible in systems with a 
wide range of operating temperature. 

2. Leakage Current 
As expected, since device leakage current is nor- 
mally leakage across reverse-biased silicon junc- 
tions, temperature variation of this parameter fol- 
lows the traditional diode leakage characteristic, 
i.e., approximately doubling with each 11°C rise in 
temperature. 

3. Channel Resistance 
Such parameters as output drive current (lon. lor), 
switching through-current (I+), propagation delays 
(tern, teu:), and output transition times (tru, tra) are 
direct effects of channel resistance. These param- 
eters vary as channel resistance varies—0.3%/°C. Cur- 
rent characteristics decrease with increasing tem- 
perature at this rate; this factor is employed in speci- 
fying low- and high-temperature limits for these 
parameters on device data sheets. Switching 
parameters increase at this rate with temperature; 
this dependence must be considered by the designer 
in order to guarantee system dynamic performance 
over temperature. 


INPUT RATINGS 


The high impedance of a CMOS input results from 
the insulating oxide between the gate and the channel. 
This high impedance coupled with the 5pF input capaci- 
tance make CMOS inputs excellent energy storage 
nodes, allowing buildup of large voltages. Input diode 
protection networks are used, therefore, to conduct ex- 
cess energy to the supply rails, thus protecting the gate 
regions from damage. These diodes affect certain de- 
vice operations, as described in the following discus- 
sion of general input characteristics. 
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Fig. 9 — Typical multiple-input switching transfer 
characteristics for conventional 4-input 
NAND gate 


INPUT VOLTAGE RANGE 


Input signals should never exceed the range from 
0.5 Vdc more negative than V,, to 0.5 Vdc more positive 
than V;,. This prevents forward biasing the input di- 
odes, with the attendant possibility of entering a latch- 
up mode due to high-current transients. Further details 
may be found in the preceding discussion of ‘Power 
Supply Considerations’ and later on in this section. 


NOISE IMMUNITY 


. Noise immunity as specified in CMOS data sheets 
refers to the worst-case input voltage levels which will 
maintain guaranteed output conditions and will not 
produce a change in logic state. Specifically, the data 
sheets specify the minimum input high-level voltage 
(Vin) and maximum input low-level voltage (Vii) which 
guarantee an output voltage of no lower than 90% of Von 
or no higher than 10% of Vpp under no-load conditions 
({ln|<1A). Since the switching threshold voltage of a 
CMOS inverter is typically 50% of the supply and fairly 
sharp, and output voltages are close to the supplies, 
these input voltages tend to be symmetric and close to 
the ideal situation of 50% noise immunity. In fact, Vin is 
typically 55% of Vpn, and Vi, is 45% Of Vpn. (Note: the 
older designations of Va, and Vx, can be related to Vin 
and V,, by the following: 


Van = Von - Vin (min) 
Var = Vie (Max) - Vs.) 


Worst-case specifications under these output voltage 
requirements are 20% of Vpp for the conventional SSI 
devices (Note: the older 30% noise immunity specifica- 
tion allowed much greater output voltage variations). 
This specification can be greatly improved by making 
the transfer voltage characteristic sharper, i.e., increas- 
ing device gain. In 1970, Solid State Scientific devel- 
oped the technique of buffering gate outputs for in- 
creased gain; since that time, all CMOS gates in the 
4000 series have been buffered. The industry began 
to realize the superiority of this structure for digital logic 
applications only with the recent agreement on “B"’ 
series CMOS. 

Buffered outputs become even more important in 
maintaining noise immunity with the variation in trans- 
fer voitage with input pattern on multiple input gates. 
Figure 9 shows the typical range in switching voltage for 
a conventional 4-input NAND gate. Observe that Vin 
(min) degrades as a function of the number of inputs 
switching. This pattern sensitivity is reversed for NOR 
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Fig. 10 — Typical signal-line noise-immunity 


gate types. Buffering the device outputs, although the 
variations in switching voltage are unaffected, main- 
tains greater noise immunity over all input conditions 
resulting from the much more nearly ideal transfer 
characteristic. Further improvement is attained by the 
requirement that CMOS gate structures consist of no 
more than three inputs per section: this decreases the 
variation in switching voltage, as compared with the 
4-input gate in Figure 9. There are many other advan- 
tages to the buffered-gate concept. Each one is fully 
discussed in following sections. 

Note that Solid State Scientific specifies and meas- 
ures noise immunity under worst-case input combina- 
tions. This factor gives the designer a more realistic 
description of device operation, in view of the above 
discussion. 

Noise immunity specifications refer to input sig- 
nals; however, a similar discussion applies to noise in- 
troduced on power and ground lines. CMOS devices are 
sensitive only to negative power line transients and pos- 
itive ground line transients. The magnitude of power- 
and ground-line noise immunity approaches that of 
signal-line noise immunity because of the close track- 
ing of output voltage with supply in either state. 

The relatively slow response times of CMOS de- 
vices tend to act as a noise filter: extremely short spikes 
of greater magnitude than the dc noise immunity limits 
are prevented from propagating through the device. A 
typical example of dc noise immunity is shown in Figure 
10. 

Another source of noise introduction into CMOS 
devices is crosstalk from high noise voltages coupled 
through small capacitances. Since CMOS devices have 
much higher output impedance than equivalent TTL 
types, they are much more sensitive than TTL to such 
capacitively-coupled noise. The designer should con- 
sult the individual device data sheets to determine the 
magnitude of current which will pulla CMOS output into 
the threshold region of the driven CMOS inputs, and use 
good interconnection techniques to prevent this type of 
crosstalk from interfering with system operation. 


INPUT CURRENT 


The high input impedance of CMOS results in an 
input current of typically 10pAdc. Worst-case specifica- 
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tions provide allowance for surface effects, and guaran- 
tee no higher than 100nAdc at room temperature. 

These characteristics apply for input voltages 
within the permitted range, as described above. There 
are a certain class of applications, however, such as 
oscillators and multivibrators, for which input voltages 
normally exceed the supplies by large margins. In these 
instances, the input protection diodes can be utilized as 
clamps if the input current is restricted to 10mAdc or 
less. This is usually accomplished by adding a series 
resistor at the affected input. The minimum value of this 
resistor is calculated from the worst-case input voltage 
and the input current limitation; the maximum value 
should be determined by the effect which the combina- 
tion of this resistor and the 5pF input capacitance has 
on operating speed and frequency. 


UNUSED INPUTS 


If a CMOS input is left unterminated, it can acquire 
unpredictable voltages through coupling with stray ex- 
ternal capacitances and internal crosstalk. Since these 
voltages are normally within the supply range, the input 
protection diodes cannot conduct away this accumu- 
lated energy. Since both P- and N-channel transistors 
spend significant time in their ‘‘on" states, both power 
dissipation and device noise immunity degrade. Even 
Catastrophic failure can result from these conditions. 
Therefore, all inputs should be connected to an appro- 
priate supply voltage, or to another driven CMOS input. 
If a portion of a device is not loaded, its inputs must also 
be properly terminated. 


INPUT WAVEFORMS 


The maximum input rise and fall time specification 
for sequential circuits is typically in the 3us to 15us 
range, depending on supply voltage. This prevents am- 
biguous logic states and false clocking due to switching 
voltage variations and skew problems. Power dissipa- 
tion also increases as logic elements spend more time in 
the switching region. 

When sequential circuits are cascaded, the 
maximum rise and fall times of the clock input should be 
equal to or less than the transition times of the data 
outputs driving data inputs, plus the propagation delay 
of the output driving stage for the output capacitive 
load. If setup and hold times are specified on device 
data sheets, they must also be taken into account. 

Schmitt trigger constructions may be indicated to 
bring rise and fall times within indicated bounds. 


INPUT PROTECTION NETWORKS 


Because the gate oxide of a CMOS transistor has 
extremely high resistance, even a very-low-energy 
source (such as a static charge) is capable of develop- 
ing the breakdown voltage of approximately 100V. This 
results in permanent damage to the device. Therefore, 
gate protection structures are employed to conduct ex- 
cess energy away from the gate region. These struc- 
tures, however, are only capable of protecting from 
overvoitages of less than 1000V. While this is normally 
sufficient for in-system transients, device handling can 
produce overvolitages of one or two orders of mag- 
nitude greater. Handling precautions are recommended 
when using CMOS devices. Some suggested proce- 
dures appear in the section entitled ‘‘tiandling Precau- 
tions for CMOS Devices”. 

The input protection structure utilized on 4000 
Series devices is shown in the diagram of a typical 
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Fig. 11 — Gate-oxide protection circuit used in 
4000 Series integrated circuits 


CMOS device in Figure 11. The circuit consists of diodes 
D1 and D2, which clamp the input voltage to Vx, and Von. 
respectively, and series resistor R, whose nominal value 
is 1.5KQ. Avalanche voltages of the diodes are well 
below the breakdown voltage of the gate oxide. The 
resistor provides a small delay with the 5pF input 
Capacitance which allows excess energy to be con- 
ducted away before reaching the gate region. 

When the diodes are used as clamps for oscillators, 
multivibrators, etc., input current must be limited to less 
than 10mA to protect against both possible latchup and 
long-term degradation due to metal migration. 

In a system power-up or power-down sequence, 
power must be applied to the device before the intro- 
duction of low-impedance driving signals. This se- 
quence must also be maintained while troubleshoot- 
ing systems where devices or modules must be re- 
moved from or inserted into a system. 


OUTPUT CHARACTERISTICS 


The amount of current which a CMOS output is 
capable of sinking or sourcing is a function of the chan- 
nel impedance of the driving structure. These charac- 
teristics vary with voltage and temperature; these varia- 
_tions were discussed previously. Transistor charac- 
teristics are illustrated on most device data sheets. 


BUFFERED OUTPUTS 


Consider the conventional CMOS 2-input NAND 
gate structure of Figure 12. Since the N-channel devices 
are in series, their on-resistance must be decreased 
(larger chip area) to hold the output low impedance (or 
sink Current parameter) within specification. As the 
number of gate inputs increases, even larger N-channel 
transistors are required. Also, since the P-channel de- 


A 
OuTPUT : ={)-— OuTPUT 


Conventional Non-buffered 


2-input NAND gate 


vices are connected in parallel, the output high impe- 
dance (and, therefore source current) is a function of 
input pattern, ie., the number of devices turned on. 
Solid State Scientific gates have buffered outputs: small 
geometry logic transistors are used to generate the re- 
quired function, while only one large P-channel and one 
large N-channel device form the output. This technique 
reduces chip size; in addition, output impedance is no 
longer a function of input pattern. This means that dc 
and ac fanout are constant, and the userneed not con- 
cern himself with several sets of loadihg requirements 
for each device. 


OUTPUT LOADING 


Since CMOS outputs driving CMOS inputs switch 
essentially from supply to supply while the driven inputs 
draw very little current (typically 10 pAdc), dc fanout can 
usually be ignored, except in bus-oriented systems. Of 
much greater importance is ac fanout, discussed below. 
However, several precautions are necessary to prevent 
damaging the output structure. 

The outputs of most CMOS devices consist of a 
complementary pair. This structure prohibits the con- 
nection of outputs in a ‘‘wire-OR’ configuration. 
Three-state output devices should be used to achieve 
this configuration. It is possible, however, to parallel 
inputs and outputs of devices to provide increased 
drive. This practice should be restricted to devices 
within the same package to avoid current hogging. 

Note that because of the negative temperature 
coefficient of MOS transistors, there is built-in short- 
term burn-out protection. In general, devices with stan- 
dard output characteristics may be shorted to the sup- 
ply rails at low operating voltages. Precautions are nec- 
essary with higher voltages and/or high-current buffers, 
in which saturation currents can cause the maximum 
dissipation limitation to be exceeded. 

CMOS drive capability is limited if the outputs are 
required to maintain a specified logic level. However, if 
the output is used to drive a discrete device such as a 
transistor or LED, large currents (within maximum rat- 
ings) can be achieved by operating the device in the 
saturated region. 

The output impedance of a CMOS device can be 
employed as an effective means of providing delay and 
integrator functions when loaded with a capacitor. 
However, in any application which places a sizable 
capacitive load on a CMOS output, care must be taken 
to prevent damaging transient currents when power is 
removed. If the capacitive load is charged when the 
power supply is removed, the diode from the output to 
the supply (output D2 in Figure 11) forms the discharge 
path as it becomes forward biased. Series resistance 
should be added to the output in order to prevent dis- 
charge currents above 1mA. 


SSS fully buffered NAND gate 


INTERFACE PARAMETERS 


Table | provides interface parameters between 2. The logic levels at the interface will meet or exceed 
CMOS and other logic families under the following con- the specified worst-case logic levels of the other el- 
ditions: ements. 

1. The power-supply voltage level and tolerances are 3. Fan-out rules at the interface are derived from the 
chosen to accommodate the interfaced elements, current sourcing or sinking capability of the driving 
since CMOS devices will operate over a much wider element. 
range. 


TABLE |. CMOS INTERFACE PARAMETERS 


INTERFACE INTERFACE INTERFACE 


INTERFACE NOISE MARGIN LOGIC LEVELS MAXIMUM | REMARKS 
maa fie 9” ey i ‘*9”’ FAN OUT 


CMOS-CMOS 1.5V 1.5V 3.5V 1.5V 9-volt system 


3.0V 3.0V | 7.0V  3.0V 10-volt system 
40V 4.0V |11.0V 9 4.0V rE system 
CMOS-TTLDTL | 2.5V_0.4v_'| 2.0V__0.8V |__2__| Butfers onl 


TTUDTL-CMOS | 1.1V 1.1V 3.5V 1.5V See Remarks | 2KQ pull-up resistor for TTL or open- 
collector DTL. Fan-out determined by 
dynamic requirements 

CMOS-LTTL 2sv__osv | 20v oy | 2 Standard ‘'B’’ Series Output Drive 


LTTL-CMOS 3. 5V See Remarks | 3KQ2 pull-up resistor. Fan-out determined 
by dynamic requirements 
CMOS-LSTTL | 2.5V 0.4V | 2.0V 0.8V | 1 | Standard ““B” Series Output Drive 


LSTTL-CMOS 1.1V 1.1V 3.5V 1.5V See Remarks | 3K. pull-up resistor. Fan-out determined 
by dynamic requirements. 


CMOS-HTL 5.0V 5.0V | 85V 6.5V a ia 
HTL-CMOS = [25V 0 28V Ti, gay Active pull-up HTL 
3.5V 3.5V Passive pull-up HTL with 2KQ to 5K 
pull-up resistor. 
CMOS-MOS 3.0V -3.0V -9.0V High threshold PMOS: 
Vss-Vpp=13V 
2.9V Low threshold PMOS: 
Vsg-Vpp=10V 
MOS-CMOS 3.9V -3.9V 9.1V High threshold PMOS: 
Vss-Vpp=13V 
3.0V -2.0V Low threshold PMOS: 
Vss-Vpp=10V 
CMOS-ECL 0.225V 4.325V | -1.105 -1.475 Vpp=ground 
Vss= -5.2V 
ECL-CMOS 0.66V* 1.56V* |] -1.56V  § -3.64V Vpop=ground 
Vss= -5.2V 


* typical with transistor driver 


NOTES: 1. Interface Noise Margin 
For ‘1’ Column — difference between output high level of one device and input high level of next device. 
For ‘0’ Column — difference between output low level of one device and input low level of next device. 
2. Interface Logic Level Worst-case threshold level going from one device to the input of another. 
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DYNAMIC CONSIDERATIONS 


The operating speed of a CMOS logic system is 
dependent upon signal propagation delays. output 
transition times. and associated characteristics. These 
parameters vary as a function of output load capaci- 
tance (ac fanout). operating voltage. and device tem- 
perature. 

All device data sheets give dynamic characteristics 
at Vin 5.10. and 15 Vdc. 50pF load capacitance. and 
25 C ambient temperature. 


CAPACITIVE LOADING 


The higher output impedance of CMOS devices, 
in comparison to TTL. make them more sensitive to 
capacitive loading (ac fan-out). A linear relationship 
exists between dynamic parameters and load capaci- 
tance. which is to be expected: loads are charged and 
discharged by the resistance of the driving transistor 
channel. 

The buffered gate output structure pioneered by 
Solid State Scientific in 1970 provides significantly bet- 
ter performance than conventional CMOS gate struc- 
tures. The single stage output makes delays and transi- 
tion times independent of input pattern and less sensi- 
tive to capacitive loading In addition. the extra gain 
stages provide significant pulse shaping of slow transi- 
tion inputs — when input rise and fall times increase. the 
conventional gate exhibits an increase in output transi- 
tion time. while the buffered gate transition times re- 
main unchanged. This feature eliminates progressive 
deterioration of pulse characteristics in asystem. These 
buffered outputs are designed for symmetric transition 
times. as opposed to the conventional types. 

Special considerations must be given to output 
transition times and propagation delays when driving 
synchronous systems with edge triggered inputs. Con- 
sult the section on “Input Waveforms ’. 

It should be noted that the extra gain stages in a 
buffered-output gate exhibit very sharp transfer charac- 
teristics. In certain applications. notably oscillators. 
multivibrators. or poor input transitions. this may result 
in ringing or even oscillation at the switching point. For 
this reason. Solid State Scientific manufactures several 


simple unbuffered inverters( 4007UB. 4069UB. 
4449UB) and unbuffered 2-input gates 
(4001UB. 4011UB). Since these types exhibit 


none of the features of buffered outputs. it is recom- 
mended that some pulse shaping be employed to permit 
use of the buffered structures wherever possible. 
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VOLTAGE EFFECTS 


Increasing the supply voltage from 5Vdc to 10Vdc at 
least doubles the operating speed of CMOS devices. 
Increasing to 15V results in another increase. usually far 
less, at a substantial penalty in power dissipation. The 
increase in speed is a direct effect of the lower channel 
resistance; the increase in power dissipation is a 
symptom of higher charging currents to load capaci- 
tances. 

Dynamic characteristics at voltages not given on 
device data sheets may be interpolated from specified 
data. 


TEMPERATURE VARIATIONS 


As the temperature of a CMOS device increases. 
carrier mobility decreases. resulting in an increase in 
channel impedance. Therefore. dynamic parameters 
change in proportion to the factor given previously: 
-0.3%/ C for operating frequency. +0.3%, C for all other 
parameters. Consequently. this factor must be consid- 
ered in designing a system which must operate at a 
given frequency over a wide temperature range. 


THREE STATE LOGIC 


Devices such as the 4016 and 4066 provide 
a means for constructing bus-oriented systems. Several 
devices inthe 4000 Series employ variations in this 
structure to provide their own high-impedance output 
state. Leakage currents and capacitances are specified 
on individual data sheets. to allow the user to determine 
fan-out and system speed. 


ANALOG SIGNAL SWITCHING 


When using the analog switch device types. care 
must be taken to prevent the input signal from exceed- 
ing the supply voltage. Latch-up conditions may result if 
this precaution is not observed. 

The ON-resistance characteristics of the switch are 
specified on the device data sheets. This enables the 
user to calculate power dissipation for high-current- 
drive requirements. 

All CMOS switches are make-before-break. There- 
fore. in multiplexing applications. the low-impedance 
path between signal drivers which occurs during the 
overlap must be considered when generating control- 
input signals. 

Further information is contained on individual data 
sheets. 


HANDLING CMOS DEVICES 


Care must be exercised in handling any CMOS de- 
vice. Although all SSS CMOS devices have a built-in 
protective diode network which protects the device 
against damage due to static electric discharge. addi- 
tional precautions should be followed to assure 
trouble-free performance after assembly. The following 
guidelines for handling CMOS devices are suggested: 


A. GENERAL 


e Use a conductive, grounded work surface. 

e Keep operators at ground potential (use conductive 
wrist bands and a 1 megohm resistor to ground) 

@ Don't use nylon smocks. 

@ Repack devices in conductive or anti-static contain- 
ers; keep devices at a common potential. 

e Use conductive or anti-static envelopes for storing 
and shipping devices — never use untreated plastic. 


B. CLEANING 


e Use static neutralizing ion blower when manually 
cleaning with brushes. 


@eeooeseeoem 


Ground all automatic equipment. 
Ground cleaning baskets. 


. ASSEMBLY 


insert CMOS devices last to avoid overhandling. 
Use conductive handling trays. 

Use conductive material between edge connections. 
Ground all automatic insertion equipment. 

Ground solder machines and metallic parts of con- 
veyor systems. 

Ground soldering irons. 


. TESTING 


Use grounded metallic fixtures where possible. 

Use static neutralizing ion air blower when using au- 
tomatic handlers. 

Use conductive handling trays. 

Don't insert or remove boards with power turned ON. 


CMOS CHIPS 


Solid State Scientific CMOS integrated circuits are 
provided in chip form to permit customer design of 
special or hybrid circuits to suit individual needs. CMOS 
chips are electrically identical to (temperature range 
—55°C to +125° C) and offer the features of their pack- 
aged counterparts. For maximum ratings, electrical 
characteristics, schematics, and features, see the indi- 
vidual data sheets in this catalog. 


CHIP PREPARATION 
e All chips are glass passivated. 


@ All chips have been electrically tested for all static and 
functional parameters. 

@ Chip inspection and packaging is performed under 
laminar flow hoods in a temperature- and humidity- 
controlled dust-free atmosphere. 


CHIP HANDLING 


© Chips should be stored in a clean, dry atmosphere 
preferably below 40° C and 50% relative humidity. 

© The user should exercise proper care when handling 
chips to prevent even the slightest mechanical dam- 
age to the chip. 


@ Individual handling should be done with nonmetallic 
vacuum pick-ups. 


290 


Proper mounting and lead bonding techniques must 
be used to obtain optimum electrical. mechanical and 
thermal performance. 

The back surface of the chip is electrically connected 
to the P-channel substrates which should be the most 
positive potential (V,,,). Care must be taken to keep 
the active substrate isolated from ground or other 
circuit elements in the assembly. It is recommended 
that the +V,,, pad on the front of the chip be wire 
bonded to the chip substrate mount for optimum per- 
formance. 

After mounting and bonding. necessary procedures 
must be followed to insure that the chips are not 
subjected to mechanical abuse or to moist or contam- 
inated atmosphere which might permit electrical 
conductive paths across the relatively small insulat- 
ing surfaces. 

Bonders, pick-up tools. table tops. sealing and die 
attach equipment. and other apparatus used in chip 
handling should be properly grounded. 

The operator should be properly grounded. 
Assemblies or sub-assemblies of chips should be 
transported and stored in conductive carriers. 

All external leads of assemblies should be shorted 
together. 
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ORDERING INFORMATION 


SCL 4xxxB C + 


SSS SOLID PLUS PROGRAM 


SCREENING LEVEL 


SCL = Standard 

BCL = High Reliability 

883C = MIL-STD-883C 
Class B 

DESC Drawing Number 

JCL = 38510Class B 


Blank = Standard 
+ = Solid + Program 


PACKAGE TYPE 


Cerdip (Frit-Seal 
Ceramic) 

Ceramic (Welded-Seal 
or Side-Brazed) 

Epoxy (Plastic) 

Dice 


DEVICE TYPE 


Consists of four 
numerals plus one 
or two letters 


rm oO 9 
II 


PACKAGING INFORMATION 


Devices in the 4000 Series are available in a variety of package types and temperature 
ranges. The single-letter package designator appears as a suffix to the device type. 


Designator 
SCL Type Style No. of Pins Temperature Range 
Cc Cerdip Dual-in-Line 14, 16, 24 —55°C to +125°C 
(Frit-Seal) (DIP) 
D Ceramic Dual-in-Line 14, 16, 24 —55° C to +125° C 
(Weided-Seal (DIP) 
or Side-Brazed) 
E Epoxy Dual-in-Line 14, 16, 24 -40° C to +85°C 
(Plastic) (DIP) 
H Dice = ; — 55°C to +125°C 


DEVICE MARKING 


Screening Device 
Level Type Package 
ee ype 


SCL4049UBC+ 


Pin 1 e 8425 39 
Identifier 
(when present) ~—_——e “om 


Date Code Lot Solid Plus 
(year, week) identifier Program 
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4000 Series High Reliability 


SERRE eh 
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Built-In Reliability 


Reliability in MOS integrated 
circuits does not just happen— 
it must be built in. Built in 
through conservative designs, 
advanced wafer fabrication 
technology, and controlled by 
stringent in-process quality 
controls, inspections and tests. 
But there is more. Reliability is 
built in by people. At Solid 
State Scientific, dedicated 
people work with the latest 
technology producing MOS 
devices that meet the highest 
quality and reliability standards 
in the industry. SSS has proven 
its dedication to these high 
Standards since 1968 when it 
was founded. 


Solid State Scientific is a high 
volume manufacturer of MOS 
integrated circuits and offers a 
variety of high reliability 
options to meet customer 
requirements. Our facilities in 
Willow Grove, Pennsylvania 
have been certified by the 
Defense Electronics Supply 
Center for the production of 
Class B devices in accordance 
with MIL-M-38510. 


In addition, regardless of 
product grade, Solid State 
Scientific has established 
definite minimum quality and 
reliability standards which 
apply across all product lines. 
All products are manufactured 
identically from incoming 
inspection through wafer probe 
of the die. Pre-seal visual 
inspection is performed in 
accordance with MIL-STD-883 
level B. This same philosophy of 
ensuring the reliability of our 
products applies to environ- 
mental screening, final electrical 
testing and lot acceptance for 
packaged parts. 


Integrated Circuit 
Reliability 


CMOS integrated circuits exhibit 
the same basic reliability 
characteristics as other semi- 


conductor devices in that the 
failure rate has three distinct 
phases. Within a relatively 
short time, certain failure 
mechanisms appear under 
moderate levels of stress. 
Failures which occur during this 
phase are called infant mortality 
failures. During infant mortality, 
the failure rate decreases dra- 
matically. Then for a long 
period of time, infrequent 
random failures occur. Finally, 
device packages can actually 
wear out and the failure rate 
will increase again. For CMOS 
integrated circuits, there are 
only two significant wear-out 
mechanisms; electromigration 
and corrosion in plastic devices. 
Electromigration is a function of 
temperature and current density 
in the metallization and is 
influenced by the type of metal, 
grain structure and surface 
sealing. This phenomenon 
occurs in all package types. The 
other major wear-out mech- 
anism is electrolytic corrosion of 
the die metallization which 
occurs in plastic packages. This 


Wearout 
Phenomena 
il Hl 


' Random Failure ! 
Mechanisms 


Infant 
Mortality 
! 


I 

( 

1 Steady 

( State 
| Constant 

{ fir. 


Failure Rate 


Time 


is a function of the package/ 
passivation system and is 
influenced by the type of 
epoxy, the protective molding 
compound and chip glassiva- 
tion materials. 

When the failure rate is plotted 
as a function of time, the result 
is the basic bathtub curve char- 
acteristic of all semiconductor 
devices. While the bathtub 
curve is universal throughout 
the IC industry, actual values 
can vary greatly from one 
manufacturer to another. Solid 
State Scientific has many years 
of experience in the manu- 
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facturing of CMOS integrated 

circuits, and our design rules 

and processing techniques have 
been developed to: 

H minimize the infant mortality 
failure mechanisms. 

M detect potential failures 
before they reach the 
customer. 

@ control wear-out so that 
operating life far exceeds the 
lifetime required by the 
customer. 


@ prevent defects from occur- 
ring at the earliest possible 
stage. 


State-of-the-Art 
Device Development 


Conservative Design Rules 


At Solid State Scientific, rules 
for mask lay-out extend the 
operating life of the product far 
beyond normal usage. This 
reliability is a result of the 
following design considerations: 


M@ Metal width and spacing 
controls in conjunction with 
Stringent in-process controls 
eliminate electro-migration. 
MIL-M-38510 Level B specifi- 
cations call for a maximum 
current density in glassivated 
pure aluminum stripes of 
5 x 10° amps/cm2 Solid State 
Scientific demands no more 
than 1.5 x 10° amps/cm2. 
Also, an absolute minimum 
design width for any metal 
line is maintained for 
standard industrial devices. 


®@ Strictly controlled element 

spacings and sizes are 

specified for: 

m@ all diffusion widths 

m distances between pad 
and scribe line for leakage 
protection 

M spacings between elements 
to prevent inversion 

™@ spacing between the 
boundary of a diffusion 
and the contact cut for the 
diffusion to prevent 
leakage. 


@ metal-to-metal and pad-to- 
pad spacings 

®@ pad size to insure room for 
a good bond 

@ High voltage reverse baised 

diodes to both Vss and Vop 

in conjunction with series 

resistors to protect inputs 

from voltage transients and 

ESD. 


Each wafer contains its own 
process control test cells. This 
special device measures all 
process and design parameters 
that have a significant effect on 
yield and reliability. 


Controlled 
Wafer Processing 


Reliability Assured Through 
Stringent Controls 

At Solid State Scientific 

we have one of the most 
highly controlled wafer pro- 
cessing facilities in the industry. 
All MOS products are manu- 
factured in the same fabrication 
facility using identical materials, 
technology, and MIL-M-38510 
procedures and controls. All SSS 
products are processed on a 
fully approved MIL-M-385 10 


Product Assurance Program 


wafer line, whether destined 

for the commercial or military 

market. 

Reliability is assured through: 

Mi a special tapered oxide 
process that controls the 
edges of all cuts in the oxide 
to obtain a nominal 45° 
angle. 


M@ planetary rotation during 
metal evaporation. This 
technique results in a con- 
trolled oxide step with 
uniform metal thickness. 
Failure due to electron 
migration is eliminated. 


Table 1—Processing and Screening requirements for MIL-STD-883, 
MIL-M-38510 and Standard products. 


MIL-STD-883B 883C4 XXX 


Ea EE A 


Assembly 
Precap Visual (Cond. B) 


Preconditioning 

Seal & Lot Identification 
Stabilzation Bake 24 hrs @ 150°C 
Temperature Cycle 

Centrifute Y1 

Fine Leak 

Gross Leak 


Te 


Test and Burn-in 
Initial Test 
Static Burn-in, 160 Hr. Min. or Equiv. 


Final Electrical 25°C, DC and Functional (A-1, A-7) 


Final Electrical AC 25°C (A-4, A-9} 


Final Electrical — 55°C DC and Functional (A-3, A-8) 


Final Electrical AC —55°C (A-6, A-11) 


Final Electrical + 125°C DC and Functional (A-2, A-8b) 
Final Electrical AC + 125°C (A-5, A-10) 


External Visual 


Method DESC Drawing MIL-M-38510 
In accordance with MIL-STD-883B Class 
5004 & 5005 Class B B 

2010B x " 

Xx Xx 
1008C x a 
1010C Xx X 
2001E Xx xX 
1014B Xx X 
1014C Xx x 

X X 
1015 x x 

x X 

X Xx 

xX x *x* 

ae x k* 

xX x ** 

a x ** 
2009 x . 


EEE 


X = 100% Testing 


— = Not Required 


‘“(A-X)" are Subgroups 


*"' + product has 168 hours of static burn-in or equivalent. 
**Subgroups A-5, A-6, A-8, A-8b, A-10 and A-11 are only performed when required by the 


detailed specification. 
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i an ion-implant operation 


to increase the P-channel 
thick field inversion voltage. 
This allows SSS to offer the 
cost effectiveness of a smaller 
chip while maintaining the 
same low leakage and high 
voltage characteristics found 
in guard ring construction. 


M@ precision phosphorous 


doping of the glass passiva- 
tion that prevents surface 
inversion during the life of 
the device. Passivation layer 
thickness is carefully chosen 
to provide full coverage over 
the tapered oxide steps. This 
means superior long term 


@ test cells and test transistors 


on every wafer are probed 
for twelve parameters prior 
to metal alloying and four- 
teen parameters at final 
wafer probe. Trends are 
monitored continuously and 
variations are detected im- 
mediately. Typical parameters 
measured are: 


@ threshold voltages of 
transistors 


@ breakdown voltages of 
transistors 


@ gate breakdown voltages 
@ transistor contact resistance 
@ metal strip fusing current 


industry. Every lot undergoes 
100% inspection after each and 
every mask level operation. 


Sampling Inspection : 
Tables 2, 3, 4 and 5 illustrate the 
sample criteria used to insure an 
LTPD requirement for military 
product. Sample sizes are based 
on the Poisson exponential 
binominal limit in accordance 
with MIL-S-19500. The tables of 
subgroup tests demonstrate the 
level of quality conformance of 
Hi-Rel Military and Standard 
products. 


Our process controls are some 
of the most stringent in the 


Stability and added moisture 
protection at the die level. 


Table 2— Group A Electrical Sampling Inspection for Class B High-Reliability 
CMOS Integrated Circuits per MIL-STD-883, Method 5005 


883C4 XXX 
DESC Drawing 
LTPD ~— MIL-STD-883B MIL-M-38510 
Subgroup Test Condition ClassB Class B Class B 


— eee as 


l DC Static Parameters Ta = +25°C 2 5 4 a 
2 DC Static Parameters Ta= +125°C 3 v v 
3 DC Static Parameters Ta = —55°C > v ad 
4 Dynamic Parameters Ta = +25°C 2 v v 
7 Functional Parameters Ta = +25°C 2 v v 
9 AC Parameters Ta = +25°C 2 v v 


Note: Performed on each inspection lot. 


Table 3—Group B Sampling Inspection for Class B High-Reliability 


CMOS Integrated Circuits per MIL-STD-883, Method 5005 


883C4 XXX 
DESC Drawing 
7 MIL-STD-883 MIL-STD-883B MIL-M-38510 
Subgroup Test Method & Condition Class B ClassB 
Physical Dimension 2016 — i = 
2 Resistance to Solvents 2015 — “a = 
3 Solderability 2003 Soldering 
Temperature 245°C + 5°C vad a 
4 Internal Visual and : 
Mechanical 2014 — - - 
5 Bond Strength 2011 v v 
G Internal Water Vapor 
Content 1l0i8) — sy e 
7 Fine and Gross Leak 1014B, 1014C 1 — e as 
9 Vozap Per Detailed Specification ad v 


Note: Performed on each package type and lead finish for each week of seal (date code). 
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Table 4— Group C Die-Related Tests for Class B High-Reliability CMOS 
Integrated Circuits per MIL-STD-883, Method 5005 


883C4 XXX 
DESC Drawing 
MIL-STD-883 MIL-STD-883B MIL-M-38510 
Subgroup Test Method & Condition Class B Class B 
a 
] Operating Life 1005, Ta = 125°C, 
1000 hrs. or equiv. v v 
Electrical Parameters As Specified v v 
2 Temperature Cycling 1010 Test Condition C me s 
Constant Acceleration 2001 Test Condition E “ f 
Fine Leak 1014B  — ic e 
Gross Leak 1014c  — em ig 
Visual Examination 1010 or 1011 i ms 
Electrical Parameters As Specified - a 


eT ET PET ST a a 


Note: Performed every 13 weeks for each microcircuit group or as specified in the detailed drawing. 


Table 5— Group D Package-Related Tests for High-Reliability CMOS 
Integrated Circuits per MIL-STD-883, Method 5005 


883C4 XXX 
DESC Drawing 
MIL-STD-883 MIL-STD-883B MIL-M-38510 
Subgroup Test Method & Condition Class B Class B 
| Physical Dimensions 2016 — a v 
2 Lead Integrity 2004 — v v 
Fine Leak 1014B — v ad 
Gross Leak 1014c — rad “ 
3 Thermal Shock 1011 Test Condition B Min. “ e 
Temperature Cycling 1010 Test Condition C 
100 cycles “ v 
Moisture Resistance 1004 — i 
Fine Leak 1014 Test Condition B v 
Gross Leak 1014 Test Condition C v 
Visual Examination Per Visual of Method 
1004 and 1010 - “ 
Electrical Parameters As Specified - a 
4 Mechanical Shock 2002 Test Condition B a a 
Vibration, var. freg. 2007 Test Condition A “ a 
Constant Acceleration, 
YI plane 2001 Test Condition E v ad 
Fine Leak 1014 Test Condition B a ad 
Gross Leak 1014 Test Condition C v a 
Visual Examination 1010 or 1011 v v 
Electrical Parameters As Specified v iv 
5 Salt Atmosphere 1009 Test Condition A ee a 
Fine Leak 1014B — a ve 
Gross Leak 1014c — a al 
Visual Examination Per Visual of Method 
1009 re “ 
6 Internal Water Vapor 1018 5SO00ppm Max. 
Content v i 
7 Adhesion of Lead Finish 2025 As Applicable v v 
8 Lid Torque 2024 As Applicabie v v 


Note: Performed every 26 weeks or as specified in the detailed drawing. 
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Summary 


Solid State Scientific has exten- 
sive experience in all aspects of 
CMOS integrated circuit tech- 
nology. This expertise dates back 
to 1968 with the design and 
development of custom CMOS 
devices for space applications. 
In 1970 SSS began manufacturing 
the 4000 Series standard circuits. 
Today, with more than a decade 
of CMOS experience, SSS is 
respected as a major supplier of a 
wide variety of CMOS products. 
Over the years, our products 
have established a reputation 
for outstanding reliability in 
applications as varied as data 
processing, military and space 
systems, automotive, and 
timekeeping products. This 
quality and reliability results 
from a combination of: 
* conservative design rules 
¢ advanced wafer fabrication 
capabilities 
® stringent in-process controls 
and inspection procedures 
In addition, Solid State Scientific 
adds one more ingredient to 
every device; a company-wide 


dedication to customer satisfaction. 
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OPL Products 


MIL-STD-883C Class B 
CMOS 4000 Series 
Products 

CMOS 4000 Series devices are 
available in Cerdip (Frit-Seal) (C), 
Ceramic (Side-Brazed) (D) 
packages, and Dice (H}. 


MIL-M-38510 Class B 
CMOS 4000 Series, 

OPL Accepted Product 
Contact SSS Regional Sales Offices 
for the current listing of MIL-M- 
38510 Class B, OPL Accepted 
Products. 

MIL-M-38510 CMOS 4000 Series 
devices are available in Ceramic 
(Side-Brazed) and Cerdip 
(Frit-Seal) packages. 


oo ___ 
Figure 1 
MIL-STD-883C— Device Nomenclature 


883C 


4000 UB 


Product Class Prefix Package Designation 


JEDEC SERIES 
Product Type 


UB = Unbuffered 


C—Cerdip (Frit-Seal) 
D—Ceramic 


883 C—Class B 


As defined in B Series (Side-Brazed) 
MIL-M-385 10, para. 3.4 A = ASeries E—Epoxy Plastic 
B = B Series H—Dice 


Figure 2 
MIL-M-38510— Device Nomenclature 


JM 38510/ oso. (O01 B Cc 


C 
Lead finish ! 


Package type 
Processing level 


General Specification 
J or JAN prefix 


Family Designator 
CMOS 4000 Series 


MIL-M-38510 Package Type 
C 14-lead 1/4 x 3/4 DIP! 
E 16-lead 1/4 x 7/8 DIP! 
MIL-M-38510 Lead Finish ' 


A Hot Solder Dip c 
B Tin Plate Xx 


Gold Plate 
Optional 


a 
1. Note: Hot Solder Dip and Tin Plate lead finishes are available in Cerdip (Frit-Seal) 


packages. Tin plate and gold lead finishes are available in Ceramic (Side-Brazed} 
packages. When ordering tin plate lead finishes, specify package preferred. 
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